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HAMSTRING-TENDON TRANSPLANTATION FOR THE RELIEF OF 
QUADRICEPS FEMORIS PARALYSIS IN RESIDUAL POLIOMYELITIS 


A FoLLow-vup Srupy or 134 Casgs * 
BY J. R. SCHWARTZMANN, M.D., AND C. H. CREGO, JR., M.D., ST. LOUIS, MISSOURI 


From the Shriners’ Hospital for Crippled Children, St. Louis 


In 1931, Crego and Fischer reported the end results in sixty-three cases in which the 
biceps femoris tendon had been transplanted to the patella for relief of residual quadriceps 
paralysis in poliomyelitis. In that report, sixty of sixty-one cases were regarded as being 
satisfactory, and about 62 per cent. of these were classed as having excellent results. The 
original report covered follow-up periods of from one to six years. 

Many of the original sixty-three cases have now been followed for as long as fifteen 
to twenty-two years; and certain factors. resulting in failure of the transplant to produce 
a satisfactory end result, have appeared as the follow-up period lengthened. 

The report of the first sixty-three cases in this series embraced the transplantation of 
the biceps femoris alone to the patella, to restore extensor power in the knee. As the follow- 
up period in these and subsequent cases lengthened, it became apparent that lateral dis- 
location of the patella following operation was being observed more and more frequently, 
and that additional surgical procedures were required to correct the patellar displacement. 
This complication alone became a contra-indication to the operative procedure. With the 
patella completely displaced laterally, due to unbalanced pull of the biceps femoris, there 
is a loss of extension by this transplanted biceps, as a result of change in mechanical pull 
across the knee-joint hinge. Although in many instances it has been observed that, with 
the knee in full extension, the position can be maintained even with a laterally displaced 
patella, active extension from flexion cannot be accomplished, and thus the practical value 
of the transplant is lost. At the present time, twenty-nine of 100 biceps femoris trans- 
plantations are known to have resulted in lateral dislocation of the patella; there may well 
be more than this number. 

Surgical correction of the lateral dislocation eventually resolved itself into a shifting 
of the tibial tubercle medially on the tibial shaft, combined with transferance of the 
semitendinosus forward, to restore balance in the pull on the patella by the transplants. 
Transplantation of the tibial tubercle alone did not prove uniformly successful in pre- 
venting redislocation of the patella. 

In 1927, one case of quadriceps paralysis was treated, as the initial reconstructive 
procedure, by the simultaneous transplantation of the biceps and semitendinosus forward 
to the patella. This case was graded as excellent after a follow-up period of eight years. 

Since 1935, it has been the general rule in this Clinic to transplant simultaneously 
both the biceps and semitendinosus forward to the patella for relief of residual quadriceps 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 28, 1948. 
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paralysis in poliomyelitis; this is done in all patients who require reconstructive measures 
and have active power in both inner and outer hamstring groups. This practice has com- 
pletely eliminated the complication of postoperative lateral dislocation of the patella, yet 
has maintained the desirable features of the hamstring transplantation. 

In four cases of the present series with completely paralyzed biceps and quadriceps, 
the semitendinosus alone was transplanted forward to the patella. In these cases, the 
transplantation was done chiefly to relieve a persistently recurring flexion deformity of 
the knee, yet in two instances excellent function has resulted. 

In this Clinic, a total of 134 hamstring transplantations for the relief of residual 
quadriceps paralysis in poliomyelitis have been observed, including the original sixty-three 
cases reported by Crego and Fischer. The follow-up periods range from one to twenty-two 
years. 

An analysis of the end results in the present study will be presented; and the prin- 
ciples, technique, and conclusions set forth in the original report will be modified, as 
indicated. 

RESULTS 
The results of the present analysis of cases are reported according to the following 
grouping: 
1. Transplantation of the Biceps Femoris Alone to the Patella: A total of 100 such 
transplantations were performed; eleven of these patients subsequently had the semi- 
tendinosus transplanted to the patella to correct lateral dislocation of the patella. 
2. Transplantation of the Biceps Femoris and Semitendinosus to the Patella: In nineteen 
of a total of thirty such cases, the biceps and semitendinosus were transplanted simul- 
taneously as the initial operative procedure. In the remaining eleven cases the biceps 
femoris had originally been transplanted ; the semitendinosus was transplanted secondarily, 
in addition to the tibial tubercle, to relieve lateral dislocation of the patella. 
3. Transplantation of the Semitendinosus Alone to the Patella: In four cases, transplanta- 
tion of the semitendinosus alone was done primarily to relieve recurrent flexion deformity 
of the knee, due to muscle imbalance around the knee. In these cases the biceps femoris, 
as well as the quadriceps, was paralyzed. 
Results are considered excellent in those cases with: 
1. Normal active power of extension; 
2. No recurvatum; 
3. Brace-free extremity; 
4. No lateral displacement of patella; 
5. Stability of knee in walking. 

Good results comprise those cases with: 
1. Active extension, 135 to 180 degrees; 
2. Recurvatum absent to mild; 
3. Brace-free extremity ; 
4. No lateral displacement of patella; 
5. Stability of knee in walking. 

With fair results, there is: 
1. Active extension, 95 to 135 degrees; 
2. Recurvatum absent to moderate; 
3. Brace-free extremity ; 
4. No lateral displacement of patella; 
5. Stability of knee in walking. 

Poor results are characterized by: 

1. Total failure of transplant to extend knee; 
2. Severe, painful, or disabling recurvatum; 
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3. Brace required after surgery; 
+. Lateral displacement of patella; 
5. Instability of knee in walking. 

Excellent, good, and fair results are considered satisfactory. Poor results are considered 
unsatisfactory. 

Table I shows that transplantation of the semitendinosus and the biceps to the patella 
for relief of quadriceps paralysis produced 30 per cent. more excellent results than trans- 
plantation of the biceps femoris alone. Biceps and semitendinosus transfers resulted in 
87 per cent. of satisfactory results, as compared with 56 per cent. of satisfactory results 
from the transplantation of the biceps alone. 

Transplanting the semitendinosus alone to the patella resulted in three satisfactory 
results in four cases, since this operation was done primarily to relieve the cause of recur- 
rent flexion deformity of the knee with paralyzed quadriceps and paralyzed outer ham- 
strings, rather than to obtain active power in extension of the knee. 


SELECTION OF CASES AND REQUIREMENTS FOR SURGERY 


In the original report of this series, the importance of adequate power in various 
muscle groups around the hip and knee, as a prerequisite to selection of a case for recon- 
structive surgery, was stressed. At that time it was felt that fair or better power in the 
hip flexors, glutaeus maximus, hamstrings, and the gastrocnemius and soleus groups 
was essential to good end results. Certainly a maximum amount of power in these muscle 
groups is desirable, but it is not an essential requisite for the selection of cases. In Table I 
are shown the relative strengths of these various muscle groups, excellent and poor results 
being compared in the twe major groupings. 

Hip extensor and hip flexor power is important for ease in walking up and down stairs. 


TABLE | 


RESULTS OF HAMSTRING TRANSPLANTATIONS FOR QUADRICEPS PARALYSIS 


Follow-up 
(Years Excellent Good Fair Poor Total 


Transplantation of Biceps Femoris Alone 


8 to 22 13 5 4 13 a) 

f{to7 11 6 3 24 14 

lto3 1] l 2 2 16 

Unknown 5 
Totals 35 (35%) 12 (12%) 9 (9%) 39* (39% 100 

Transplantation of Biceps Femoris and Semitendinosus 

4to9 17 2 3 j 26 

lto3 3 0 ] 0 1 
Totals 20 (67% 2 (7%) $ (13%) 4 (13%) 30** 

Transplantation of Semitendinosus Alone 


5 to 11 2 (50%) 1 (25%) 0 1 (25% 1 


*In twenty-nine biceps transplantations with poor results, the patients had lateral subluxation of the 
patella; eleven of these had secondary semitendinosus transplantations, three had other operations for cor- 
rection of the dislocation. 

** Eleven of these were secondary transplantations of the semitendinosus, to correct subluxation of the 
patella after biceps transplantation alone. Nine finally were rated as excellent; two finally were rated as poor. 
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Hamstring power, of course, is necessary for eventual extension after transplantation: 
however, in two instances in which the inner hamstrings were graded as poor or less, the 
semitendinosus was nevertheless transplanted to the patella. This was done because we 
believed that the transplanted inner hamstring, although weak, would act as a check-sling 
on the patella, to prevent lateral dislocation. 

In the earlier report, normal power in the gastrocnemius was a requisite for the 
selection of cases suitable for operation, since it was believed that weakness of this muscle 
would result in recurvatum and thus negate the value of the hamstring transplantation, 
A normal calf group is not essential for excellent results, but it is desirable, since many 
patients who were examined depended entirely upon contraction of the gastrocnemius 
for obtaining active flexion of the knee postoperatively. From 10 to 15 degrees of active 
flexion against gravity, from complete extension, was the maximum observed from con- 
traction of the gastrocnemius alone. Strong gastrocnemius power, it is believed, helps to 
control the tendency to recurvatum after operation. Weak calf power, however, is not 
the major factor in producing recurvatum, since of twenty-three patients in whom 
recurvatum developed, only six had less than fair power in the calf group, whereas seven 
had fair power, four had good power, and six had normal power. 

In general, then, we believe that, from a standpoint of muscle power, those patients 
are eligible for reconstructive surgery who have sufficient residual muscle power to warrant th 
reasonable expectation that apparatus can be discarded postoperatively. 

As stated in the original report, active cooperation on the part of the patient is essen- 
tial for postoperative rehabilitation, since careful and diligent postoperative physiotherapy 
is required to realize early maximum benefit from the operative procedure. Mental in- 
ability to cooperate is a contra-indication to reconstructive surgery. 

Fixed deformities, such as flexion of the hip, flexion of the knee, and equinus of the 
foot, must be corrected before hamstring transplantation. Correction of flexion deformities 
of the hip and knee after hamstring transplantation shortens the distance from origin to 
insertion of the muscles and thus weakens the power of contraction. Uncorrected equinus 
of the foot causes compensatory recurvatum. 


OPERATIVE TECHNIQUE 

The operative technique remains the same as that originally described by Crego and 

Fischer for transplantation of the biceps femoris alone. In transplanting the biceps and 
TABLE II 
PREOPERATIVE POWER OF PERTINENT Musc.LeE Groups AS COMPARED WITH 

Finat GRADING OF TRANSPLANT 

Power of Various Muscle Groups—Poor or Less in: 
Final Result - ill 


from Glutaeus Hip | Outer Inner Calf 
Transplantation Maximus Flexors | Hamstrings| Hamstrings| Muscles | Quadriceps 
(Per cent.) | (Per cent.) | (Per cent.) | (Per cent.) Per cent.) | (Per cent. 

Excellent 

(Biceps transplant ) 6 35 6 9 12 97 
Poor 

(Biceps transplant ) 19 48 8 16 22 92 
Excellent 

(Biceps and semitendi- 

nosus transplants) 5 25 0 10 5 85 
Poor 

(Biceps and semitendi- 

nosus transplants) 0 0 0 0 25 100 


——— 
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TABLE III 


INCIDENCE OF CoMPLICATIONS FOLLOWING TRANSPLANTATION 


Lateral Disloca- Lateral Insta- Complete Failure 
Recurvatum tion of Patella __ bility of Knee of Transplant 


. . ‘ O7 = (RO7 (407 
Biceps transplant alone 16 (16%) 29 (29%) 5 (5%) j " 
j j 7 207 , 
Biceps and semitendinosus transplants 7 (23%) 0 1 (3%) 1 D) 
Semitendinosus transplant alone 0 0 1 1 





TEROMEDIAL 
- INCISION 


~ SeMITENDINOSUS 





SEPUTENDINOSUS DIVIDED 
AT INSERTION 


Fia. 1 


Transplantation of semitendinosus and biceps tendons to patella. 


semitendinosus simultaneously, the additional procedure of detaching the semitendinosus 
from its insertion in the upper portion of the tibia, and drawing the tendon out through 
an incision over the musculotendinous juncture of the semitendinosus on the posteromedia! 
aspect of the thigh, is carried out. The fascia of the muscle is split longitudinally toward 
its origin, sufficiently to allow the tendon to be threaded forward, through an oblique 
subcutaneous tunnel, toward the patella. Care must be taken that the tunnel is directed 
in a gradually oblique direction toward the patella, and that the fascia of the muscle is 
opened sufficiently to allow the muscle a gradual oblique pull on the patella, since a sharp 
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TABLE IV 
PATIENTS WITH Poor oR Less PoWER IN CALF Group 


Operative Procedure Per cent. 


Biceps transplantation alone 
Resulting in recurvatum 2! 
Graded as excellent l 

Biceps and semitendinosus transplantation 
Resulting in recurvatum 29 
Graded as excellent 5 


angular pathway to the patella decreases the efficiency of the muscle pull. This principle 
is brought out in detail in the technique of biceps transplantation. The semitendinosus 
tendon is then anchored into the body of the patella, with that of the biceps. Figure 1 
demonstrates the appearance of the completed transplantation. 

It is important to stress the necessity for care in dissecting the biceps and semi- 
tendinosus tendons from their insertions, since it is essential to preserve the tibial and 
fibular collateral ligaments intact, and either or both could be divided during the dissection. 

Five cases of biceps transplantation alone, one case of biceps and semitendinosus 
transplantation, and one case of semitendinosus transplantation alone were classified as 
poor, because of lateral instability of the knee, for which protective braces were required 
after operation. This instability may have been due to operative division of the collateral 
ligaments. 

POSTOPERATIVE CARE 


Upon completion of the operation, the extremity is immobilized in plaster-of-Paris 
from groin to toes, with the knee in from 175 to 180 degrees of extension. Forced hyper- 
extension is unnecessary, and aids in the development of postoperative recurvatum by 
stretching the posterior supportive structures of the knee joint. 

It was formerly stressed that postoperative flexion of the hip must be avoided. The 
present survey has shown that, on numerous occasions, the patient has been found sitting 
upright in bed on the first postoperative day and subsequently. In no instance has this 
resulted in failure or in impaired end results. 

Physiotherapy is begun between the third and fourth week after operation, as origi- 
nally described; complete removal of plaster during the eighth week is followed by active 
flexion of the knee against gravity. As soon as sufficient power has been obtained to 
stabilize the knee in extension, the patient becomes ambulatory without braces. In the 
last five semitendinosus and biceps transplantations in this study (where the cases have 
been followed from one to four years), no postoperative apparatus has been used, and the 


TABLE V 


RELATIONSHIP OF MuscLE POWER IN PATIENTS WITH RECURVATUM 


Poor or Less in: 


Operative Glutaeus Hip Outer Inner Calf 
Procedure Maximus Flexors Hamstrings| Hamstrings Muscles Quadriceps 
(Per cent.) (Per cent.) | (Per cent.) (Per cent.) | (Per cent. (Per cent.) 


Transplantation of biceps 


alone ~ 13 56 6 19 25 100 
Transplantation of biceps 
and semitendinosus 0 14 0 0 29 100 


THE JOURNAL OF BONE AND JOINT SURGERY 








inciple 
inosus 
vure | 


semi- 
il and 
ction. 
inosus 
ied as 
juired 
ateral 


Paris 
vper- 
m by 


The 
tting 
- this 


rigi- 
stive 
d to 

the 
lave 
| the 


CDS 
nt.) 


ERY 





HAMSTRING-TENDON TRANSPLANTATION 547 


TABLE VI 


CAUSES OF FAILURE OF THE TRANSPLANTATION 


Length of 


Cause of Failure Follow-up No. of 
(Years) Cases 
Complete lateral displacement of patella, preventing active extension 22 l 
Failure of patient to cooperate in postoperative physiotherapy 6 l 
Poor power in transplanted muscles 22 2 
5 
No apparent reason 6 2 
11 


patients have had satisfactory results. In none of these patients has recurvatum de- 
veloped, and it is now believed that postoperative braces may favor rather than prevent 
the development of recurvatum. 


COMPLICATIONS AND CAUSES OF FAILURE 


Factors causing failure of the operative procedures (Table III) were: 
1. Lateral displacement of the patella; 
2. Recurvatum, disabling in degree, requiring a brace after operation; 
3. Total failure of the transplant to function; 
4. Instability of the knee,—disabling and requiring a brace after operation. 

Formerly, genu recurvatum was described as being the most frequent cause of failure 
of the operative procedure. After a longer period of observation, it has been found that 
lateral dislocation of the patella is a more common cause. This complication has not ap- 
peared in any of those cases in which both biceps and semitendinosus were transplanted, 
and it is for this reason that transplantation of the biceps femoris alone has been discon- 
tinued. In five cases, recurvatum was the sole cause of unsatisfactory results. Three of 
these were cases of biceps transplantation alone; two included the biceps and semitendi- 
nosus. In these cases, recurvatum was sufficiently severe to require that a protective brace 
be continued permanently. 

An analysis of preoperative muscle power in those cases in which recurvatum de- 
veloped (Table V), as compared with the muscle power in the cases having excellent results 
after biceps transplantation and after biceps and semitendinosus transplantation (Table 
Il), indicates only one factor of significance, and that is in the preoperative power in the 
calf group. Those patients with recurvatum had poor or less power in the calf muscles in 
both operative groups in a significantly greater proportion than did the patients with 
excellent results in those groups (Table IV). 

The common factor in all cases in which recurvatum developed is the removal of the 
major portion of the muscle mass which supports the knee joint posteriorly and which, by 
virtue of its action, aids in the prevention of the back-knee deformity. The very nature 
of the procedure requires that this factor be introduced; since only five cases, or about 4 
per cent., were failures because of recurvatum alone, and since only twenty-three, or 
17 per cent., of all cases had some degree of recurvatum, the authors do not consider this 
factor to be a contra-indication to the surgical procedure. 

If the other factors contributing to recurvatum—namely, equinus deformity of the 
foot, postoperative hyperextension of the knee in plaster, and postoperative braces—are 
avoided, if care is taken to select those with adequate power in the gastrocnemius, and if 
postoperative physiotherapy is diligently practised, the removal of the supporting muscle 
mass from behind the knee at operation is less likely to produce the deformity. 
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Recurvatum, then, results from the combination of factors just mentioned, and the 
authors believe that the development of recurvatum will be kept to a minimum if the 
following conditions exist: 

1. Fair or better power is present in the gastrocnemius; 


2. Postoperative hyperextension of the knee in plaster is avoided; 

3. Equinus deformity is corrected before weight-bearing is begun postoperatively ; 
1. Postoperative braces which will throw the knee into recurvatum are avoided; 

5. Diligent postoperative physiotherapy, to promote active flexion of the knee, is 


carried out. 

Total failure of the transplant to function occurred in six cases (Table VI). Four of 
these were biceps transplantations alone, one was a biceps and semitendinosus trans- 
plantation, and one was a transplantation of the semitendinosus alone. In only one case 
with total failure of the transplantation was this factor the sole cause of unsatisfactory 
rating; this was in a case in which the biceps alone had been transplanted. 


CONCLUSIONS 

On the basis of a follow-up study of 134 hamstring transplantations, the following 
conclusions are given: 

1. Hamstring substitution for residual quadriceps paralysis in poliomyelitis is a 
highly satisfactory operative procedure. 

2. Simultaneous transplantation of the biceps femoris and semitendinosus to the 
patella is a much more satisfactory reconstructive procedure and produces far better 
results than transplantation of the biceps alone. 

3. Certain principles governing selection of cases, operative technique, and _post- 
operative care, as set forth in the original report of this series of cases, have been altered 
in accordance with the analysis of results. 
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DISCUSSION 

Dr. THEopoRE H,. Vinkg, CINCINNATI, Onto: I congratulate Dr. Schwartzmann and Dr. Crego for the 
excellent presentation of their subject, and the analysis of their cases. I agree entirely with their conclusions. 
My discussion will be limited to other details which concern the transplantation of the hamstrings to the 
patella. In 1934, I studied this problem in its relation to kinetics; I referred to the work of Dr. R. Scherb and 
Dr. Arthur Steindler. 

It is noted that the hamstrings can flex the knee and can also extend it, if the extremity is fixed and the 
pelvis is free to move upward, causing the tibia to be pulled posteriorly. The fact that the hamstring has 
extensor action under certain conditions makes it suitable for transplantation to the patella in cases of 
quadriceps paralysis. 

My studies by means of a myokinesimeter, in 1934, showed that the period of contraction of the ham- 
strings is long, and overlaps the period of contraction of the quadriceps. Both flexors and extensors can act 
together to a certain extent for the purpose of stabilization. The use of two hamstrings is shown statistically 
in Dr. Sechwartzmann’s and Dr. Crego’s paper to be the method of choice. It is indeed rational that a pull 
from both sides of the patella is mechanically desirable. The method of fixing a tendon to the center of the 
patella, in order that the pull should be exerted in the vertical direction as much as possible, is important 
not only to prevent dislocation, but also to obtain the most effective action for the production of extension. 
Even if one muscle transplant is stronger than the other, one will act as a “guide wire” in preventing dis- 
location, and will also aid in producing muscle pull in the proper direction. This is particularly true in cases 
of valgus of the knee, when the patella tends to be displaced laterally. Transplanting two hamstrings is also 
important, in that as much power as possible is transferred anteriorly in order to make up for the paralysis 
of the quadriceps, particularly in view of the fact that the quadriceps muscles have three times as much 
‘strength as the combined power of the hamstrings. 
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Contraction of the quadriceps tightens not only the tendinous insertion, pulling the patella upward, 
but also puts tension on the entire anterior reinforcing apparatus of the knee, and thus aids considerably in 
the stabilization of this joint. The rectus femorus alone is not able to accomplish full extension under ordinary 
circumstances. When the knee is forcibly extended, the patella is drawn strongly upward by the quadriceps. 
In this extended position, the quadriceps muscles aid stabilization. The anterior capsule is too large and too 
loose to produce stability. 

The lateral ligaments of the knee assist greatly in the stabilization of the joint, because the posterior 
part becomes taut when the knee is in complete extension. If the transplanted hamstrings can maintain ex- 
tension of the knee during certain phases of gait, a satisfactory result is obtained, because stability is acquired 
and braces ean be discarded. 

The inner hamstrings rotate the tibia inward, and outward rotation is produced by the extensor fascia 
Rotary motion necessarily follows extension and flexion of the knee. 

The transplanted muscles can be made to perform a new function without too much difficulty. The 
problem of re-education is often not much more difficult than muscle training after other operative procedures 
about the knee. The hamstring muscles are long, because they must accommodate a large range of motion 
about the knee. For this reason, they are suitable for transplantation to the patella, for here, also, a long 
range of motion is required. The individual muscle fiber is able to contract only from one-fourth to one-half 
of its length in the relaxed position. This is sufficient to extend the knee, if the point of application of force 
is near the joint. 

The importance of maximum power in various muscle groups about the hip and knee, as a prerequisite 
to selection of cases for hamstring transplantation, has been stressed. Although this is desirable, it is not 
essential. 

It is also important that sufficient muscle power be present about the foot and ankle. In cases of muscle 
weakness in this region, reconstructive surgery of the foot makes it possible for the transplanted hamstrings 
to function more efficiently. 

The most favorable results of forward transplantation of both hamstrings, in cases of weak or paralyzed 
quadriceps, are obtained if the hip and foot are sufficiently stable. 


Dr. Freperick J. Fiscuer, Derrorr, Micuican: The authors have again emphasized the criteria for 
selection of cases, the operative procedure, and the postoperative management which are so important and 
which must be adhered to, if a satisfactory result is to be obtained. The objective of the procedure is the 
elimination of a brace. 

A series of twenty-eight cases of hamstring-tendon transfer, in which operations were performed at the 
Detroit Orthopaedic Clinic and the Children’s Hospital of Michigan, were reviewed for study. The average 
age of these patients at the time of review was twenty vears; the average follow-up period was nine years, the 
minimum follow-up period, three and one-half years. 

Of the twenty-eight cases, twenty-three represented biceps transfers alone, three represented inner- 
hamstring transfers alone, and two were combined transfers of biceps and semitendinosus tendons. Of the 
biceps transfers, all but two could be considered satisfactory, as judged by the criteria established by the 
authors of this paper. 

Recurvatum of some degree was present in seven or 25 per cent. of the cases. In one case this complica- 
tion, plus lateral instability, made for an unsatisfactory result. The patient was quite obese, and this was 
thought to be a major cause in the production of the deformity. One patient had a slight recurvatum prior 
to surgery, which increased. Of the remaining five, three had good to normal muscle capacity in the 
gastrocnemius. 

As regards lateral dislocation or subluxation of the patella, the results were less discouraging than in the 
authors’ series. One patient demonstrated a slight subluxation in the initial 15 degrees of extension, and 
another patient in the final 15 degrees of extension. The former seemed to be due to an uncorrected valgus 
deformity of 7 degrees, and the latter to an undesirable obliquity of pull of the transplant. In neither case was 
this complication severe enough to warrant an additional inner-hamstring transfer for correction. 

One of the poor results was due to complete failure of the transplant to contract. 

All five patients with inner-hamstring transfers alone, or combined biceps and inner-hamstring transfers, 
eventually had satisfactory results. 

In none of the cases could an appreciable recovery in the quadriceps femoris be detected, following 
hamstring-tendon transfer. 

Although a review of our results in an admittedly small series of cases does not emphasize lateral dis- 
location of the patella as a frequent complication of biceps transfer alone, in light of the authors’ experience 
with a much larger series of cases, we believe that the combined transfer should eliminate this hazard. We 
enthusiastically support hamstring-tendon transfer as an excellent surgical procedure. 


Dr. J. R. ScHwARTZMANN (closing): Three days ago I hesitated even to read this paper, since apparently 
no other clinic has encountered the problem of lateral displacement of the patella following this transplanta- 
(Continued on page 559) 
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RADICAL OPERATIVE TREATMENT OF THE TUBERCULOUS HIP 
A Report or 113 Cases 
BY ALBERT AHLBERG, M.D., VARBERG, SWEDEN 
From the Kustsanatoriet Apelviken, Varberg 


As far as can be ascertained, the first genuine resection of the hip joint was performed 
by an Englishman, Anthony White, in 1821. In 1874, a Danish practitioner, Ludvig Jacob- 
sen, reviewed in a thesis 250 cases of hip-joint resection, many of which were for tubercu- 
losis; 104 patients were cured, while 146 died. This comprised all the cases of hip-joint 
resection published up to that date. Dr. Jacobsen explained these poor results mainly 
by stating that the operations had been performed at too late a stage. 

The author has been unable to obtain any detailed reports of similar operations, which 
undoubtedly must have been performed in the decades that followed. Since the 1920's, 
more conservative methods have been tried, such as extra-articular operations, which in 
some instances have been combined with intra-articular arthrodesis. There are three main 
reasons why intra-articular fusion in tuberculosis has lost favor: (1) the high mortality 
rates mentioned in earlier publications, (2) the risk of dissemination of the tuberculous 
process, and (3) the difficulty of establishing continuity for fusion between the head of 
the femur and the acetabulum. All cases of coxitis naturally cannot be treated by radical 
operation, but the indications could undoubtedly be made wider than they have previ- 
ously been, without any detriment to the results. 


TABLE | 


NUMBER OF PATIENTS TREATED BY OPERATION 


Males Females 
_ Resection Extra- Resection Resection Extra- Resection Tot: 
eal : : otal 
Articular plus Extra- Articular plus Extra- 
Fixation Articular Fixation Articular 
Fixation Fixation 

1929 l l 
1930 ! l 
1931 l l 2 
1932 } | 5 3 l 14 
1933 6 3 3 2 | 18 
1934 2 2 ] i 2 1] 
1935 4 } l +) 
1936 6 ] 3 3 13 
1937 5 l l 7 
1938 3 3 2 8 
1939 1! l ] | 14 
1940 ] l } 6 
1941 | 3 7 
1942 7 2 9 
1943 2 3 l 6 
1944 7 4 11 
Totals 63 10 5 39 14 6 137 
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TABLE II 
AGE AT TIME OF OPERATION 
Males Females 
Age Group Resection Resection Resection Resection Total 
(Years) plus Extra- plus Extra- 
Articular Articular 
Fixation Fixation 
7 ] | 
‘med * 10 to 15 3 l 2 6 
icob- 16 to 20 7 | 10 2 20 
=recu- 21 to 25 24 l Ss l 34 
joint 26 to 30 10 5 2 17 
Saal 31 to 35 yg l 2 12 
aunty 36 to 40 5 { 10 
$1 to 45 2 1 } 7 
hich 16 to 50 2 2 
20's, 51 to 55 l 2 3 
*h in 56 to 60 l ] 
main mm : 
» Totals 63 3) 39 6 113 
ality 
lous 
id of GENERAL SURVEY OF MATERIAL 
ical The end results are presented in 113 cases of the so-called radical operation, done at our 
revi- Hospital during the vears from 1929 through 1944. These 113 cases represent 82.5 per 
TABLE III 
NUMBER OF HospiTaAL ADMISSIONS BEFORE OPERATION 
Hospital Period 
Year of 
Operation I II III I\ \ Total 
otal M. F. M. F. M. F. M. P. M. F 
1929 l l 
1930 l l 
1 1931 l l 2 
1 1932 1 3 2 } ] 10 
. 1933 6 3 2 13 
14 1934 2 2 1 2 7 
18 1935 3 4 l l 9 
1 1936 5 2 l l 4 
‘ 1937 5 ( 
13 1938 3 3 6 
7 1939 9 l ] l 12 
8 1940 l 4 ) 
1 1941 1 2 ! 7 
6 1942 6 l l l 9 
7 1943 l 3 l 5 
s 1944 3 3 2 2 1 
6 
11 Totals 50 33 12 y 5 0 ] 2 0 l 113 
237 M. = Males 
I’. = Females 
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TABLE IV 


AssocraTeED Lestons INVOLVING OTHER PARTS OF THE Bopy IN FoRTY-THREE PATIENTS 


Diagnosis Males Females Total 
Pulmonary tuberculosis 6 10 16 
Tuberculous lymphoma l l 
Renal tuberculosis 2 l 3 
Tuberculous epididymitis 2 2 
Tuberculous peritonitis 2 l 3 
Tuberculous spondylitis 6 1 10 
Tuberculous osteitis of the trochanter Ss l y 
Costal tuberculosis l 1 
Tuberculosis of the elbow 2 2 
Tuberculosis of the shoulder 2 2 
Tuberculosis of the knee 2 2 
Tuberculosis of the sacro-iliac joint l 3 4 
Tarsal tuberculosis l l 
Tuberculosis of the isehium l l 
Totals 34 23 57 


cent. of the total number of operations on the hip joint. The remaining 17.5 per cent. 

of the patients operated upon represent extra-articular fusion alone or extra-articular 

fusion as a reinforcing operation for resection (Table I). The total of 137 patients operated 
TABLE V 


CLINICAL AND ROENTGENOGRAPHIC FINDINGS AT DISCHARGE 


Clinical Findings toentgenographie Findings 
Group ae ‘aye Total 
Ankylosis Noite: | “== a ae 
' Joint 
I: Males 26 13 5 34 39 
Females 16 10 l 25 26 
IT: Males l 11 12 12 
Females l 5 6 6 
IIT: Males 3 3 3 
Females 3 2 5 5 
IV: Males y 3 2 3 5 
Females 3 3 6 6 
V: Males 
Females l l l 
Totals 
Males 29 30 7 52 59 
Females 24 20 l 43 44 
Grand total 53 50 8 95 103 


Group 1: Small defects in head and neck of femur and in acetabulum. Good contact between the resected 
surfaces is possible. 

Group II: Large defects in head and neck and in acetabulum. Defective contact between the resected 

- surfaces. 

Group IIT: Cases where the tip of the trochanter was placed in the acetabulum to serve as a lateral support. 

Group IV: Cases where resection and extra-articular fixation were done in one operation. 

Group V: Cases where extra-articular fixation was done later (but before the first discharge from the 
Hospital). 
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Total 
16 
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Fic. 1-A Fiac. 1-B 
-A: Mar. 30, 1943. Roentgenogram of a girl, fourteen years of age. 
3: Six months later (Sept. 28, 1943). 
C: Two years later (Mar. 16, 1945). 
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Fic. 2-B 


Fig. 2-A: Roentgenogram, taken Aug. 8, 1933, of a boy, seventeen years old. 

Fig. 2-B: Operation was performed on Oct. 26, 1934. Roentgenogram shows hip three months aftet 
operation (Feb. 6, 1934). 

Fig. 2-C: Nine years and eleven months after operation (Sept. 13, 1943). 


ssected 








ssected 
Fig. 3-A Fic. 3-B 
Ipport. Fig. 3-A: Preoperative roentgenogram, taken Feb. 13, 1936, of a man, twenty-two years old. Opera- 
tion was performed the next day. 
m the Fig. 3-B: Two months after operation (Apr. af 1936). . 
Fig. 3-C: Seven years and seven months after operation (Sept. 6, 1945). 
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upon represent 15.6 per cent. of 879 cases of tuberculosis of the hip, treated from 1929 
to 1944, inclusive. Table II shows the cases divided aceording to age at the time of op- 
eration. 

The mean time in the Hospital before the operation was eleven months for males 
and thirteen months for females. Seventy-three per cent. of the patients operated upon 
had their operations during the first hospital period (Table III). Those who were oper- 
ated upon during subsequent hospital admissions were those who had either not been 
cured during their first stay or had had recurrences. A few were subsequently operated 
upon for malposition of the hip. The disease had been present in some cases for as long as 
one year before the first admission to the Hospital. In seventy patients, the hip joint 


was the only seat of the tuberculous process. 





Fic. 4-A Fic, 4-B Fic, 4-C 
Fig. 4-A: Right hip of a man, twenty-eight years old. Roentgenogram taken Aug. 26, 1936, one week 
before operation. 
Fig. 4-B: Two months after operation (Oct. 27, 1936). 
Fig. 4-C: Roentgenogram taken Sept. 11, 1943, seven years after operation. 





Fic. 5-A Fic. 5-B Fig, 5-C 


Fig. 5-A: Preoperative roentgenogram of hip, taken June 30, 1939. The patient was a man, twenty- 
four years old. 

Fig. 5-B: Shows appearance of hip on Sept. 12, 1939, one month after operation. 

Fig. 5-C: Four years after operation (Sept. 8, 1943). 
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Fic. 6-A Fic. 6-B Fic, 6-( 
Fig. 6-A: Roentgenogram, taken Oct. 28, 1942, shows hip of a man, twenty-two years old. Operation 
was performed nine days later. 
Fig. 6-B: Four months after operation (Mar. 15, 1943). 
Fig. 6-C: Two years and ten months after operation (Aug. 30, 1945). 





Table IV shows the distribution of associated lesions in the remaining forty-three. In 
a number of cases, several parts were involved at once. 
DIAGNOSIS 


The diagnosis of tuberculosis of the hip may be regarded as established in all of these 
cases. In 81.4 per cent. of the cases, the diagnosis was verified by histological examination, 
guinea-pig inoculation, or culture evidence. The remaining twenty-one patients displayed, 
at operation, lesions in the form of small abscesses, patches of cheesy necrosis, or granu- 
lation tissue of typical tuberculous appearance. In half of the patients, a limp was re- 
ported. Twenty-eight had abscesses on admission and nineteen displayed fistulae. Roent- 
genographically, all but eight showed advanced decalcification. All showed a joint space 
which was narrowed, absent, or destroyed. In fifty-three cases, sequestra were visible; 
six had subluxations and four showed frank dislocation. 

Diagnosis at an early stage is not always easy, and the characteristic that should be 
especially stressed is the insidious nature of the disease. 





Fic, 7-A Fic. 7-B Fig, 7-C 


Fig. 7-A: Roentgenogram, taken Mar. 14, 1944, shows hip of a man, twenty-four years ol age. 

Fig. 7-B: Operation was carried out on Apr. 5, 1944. Shows appearance of hip on July 11, 1944, 
three months later. 

Fig. 7-C: One year and two months after operation (June 18, 1945). 
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TABLE VI 


ROENTGENOGRAPHIC FINDINGS IN NINETY-NINE PatTIENTS* 





a Patients Who Replied Patients not 
at Follow-up to Questionnaire and Followed 
Group Sent Roentgenograms (Findings at Discharge) 
Fusion No Fusion Fusion No Fusion Fusion No Fusion 
I: Males 14 7  § 8 2 l 
Females 11 6 3 2 l 
II: Males 2 5 l 2 l 
Females l 2 
IIT: Males 2 l 
Females 4 l 
IV: Males 3 l 
Females 5 l 
V: Males 
Females l l 
VI: Males l 
Females 2 
Totals 
Males 21 14 8 11 2 2 
Females 23 11 } 2 ] 
Grand total ao 25 12 13 2 3 


* Cases are divided into groups, as in Table V. Group VI has been added, and includes those patients 
operated upon at a later hospital period, an extra-articular fixation being then done. These cases have been 
included in other groups in previous tables. 

OPERATION 

The vast majority of these patients were operated upon by the technique described 
by Lecéne, with modifications introduced by Robert Hanson. The incision is made im- 
mediately distal to the iliac crest, to the anterior superior iliac spine, thence down the 
thigh. The tensor and glutaei are loosened extraperiosteally. The latter measure is adopted 
in order that there may be no risk of jeopardizing the nutrition of the bones after the 
operation by the periosteum not lying flat against the ilium. The capsule is incised, and 
the head of the femur is dislocated out of the acetabulum by external rotation and flexion 
of the thigh. In some cases it is necessary to resect the outer borders of the acetabulum 
to dislocate the head, and the dislocation can be further facilitated by the use of a strong, 
round, bowl-shaped scoop which is inserted between the joint surfaces. All capsular tissue 
should be thoroughly removed with the knife. Fistular passages should be excised and 
abscesses curetted, if their walls cannot be excised. Sequestra and tuberculous debris 
are cleared away thoroughly until healthy bone is reached. After cauterization with 
phenol and alcohol, the head is replaced in its normal position. The muscle, fascia, and 
skin are carefully sutured. A plaster spica is then applied, including both thighs, with 
the leg which has been operated upon in a position of 5 to 10 degrees of abduction, about 
15 degrees of flexion, and a few degrees of external rotation. 

In the early years, inhalation anaesthesia was used, but recently spinal anaesthesia 
has been the more common method. Before the operation 1,000 milliliters of tutofusin 
(Ringer’s solution) is given intravenously, in order to lessen the shock. 

When the operation was performed in the manner described, no serious shock arose in 
those cases in which the indications for the operation had been correctly appraised. Care 
must be exercised to prevent the diseased member from becoming adducted when the 
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Fic, 8-A Fic. 8-B Fie. 8-C 


Fig. 8-A: Preoperative roentgenogram, taken Apr. 15, 1943, shows hip of a boy, seventeen years old. 
The operation was performed four weeks later. 

Fig. 8-B: Three and one-half months after operation (Aug. 24, 1943). 

Fig. 8-C: Two years and three months after operation (Aug. 29, 1945). 


patient is placed on his side for the administration of spinal anaesthesia. Fracture occurred 
in six cases as the result of lack of caution in this respect. Where massive destruction of 
the head and neck of the femur had occurred, it was necessary to transplant the trochanter 
into the acetabulum; and in eleven other cases an extra-articular arthrodesis was done in 
conjunction with the intra-articular resection. 


Observations during Operation 

In sixty-three cases an abscess was observed, usually under the tensor fasciae latae, in 
most cases the result of a rupture of the joint capsule. The joint capsule was thickened, 
sometimes up to one centimeter, in ninety-one cases. In no patient was the articular 
cartilage absolutely intact; sequestra were removed from the acetabula in fifty cases and 
from the head and neck of the femur in twenty-six cases. Perforation from the acetabulum 
to the pelvis had occurred in thirty-four cases (30 per cent.) and resulted in abscesses of 
varying sizes, all of which were evacuated. 


Subsequent Course 


The majority of patients survived the surgical intervention without serious complica- 
tion. In six cases surgical shock developed, but the patient rapidly recovered after the ad- 
ministration of tutofusin and stimulants. In no case was a blood transfusion used. The 
wound healed by first intention in sixty-four patients. In twenty-two patients, fistulae 
developed which persisted to the time of discharge from the Hospital. In eighty cases 
the temperature dropped to normal within twelve days after operation. The sedimentation 
rate by the Fahraeus-Westergren method increased directly after the operation in about 
half of the patients and then returned to normal. 

Five patients (4.4 per cent.) died during the three months immediately following the 
operation. Two of the deaths were the result of tuberculous meningitis*, one of staphy- 
lococcic septicaemia, and two resulted from undetermined causes (other than debility 
from prolonged sepsis). 

The duration of the postoperative care averaged six months and ranged up to four 
vears and eight months. The plan of care has been somewhat more conservative in the 
latter years and, in general, the patients are kept in plaster in bed for three months, with 


* One had tuberculous spondylitis and in the other scarlatina developed after the operation. 
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the diseased member having freedom of knee motion after four weeks. After three months, 
when the plaster is changed, roentgenographic examination is made; in the majority of 
cases, it is possible to see that calcification is increasing without advance in the tubercu- 
lous process. A new cast is then applied, encasing only the affected side to the knee, to 
allow the patient to practise walking with the help of crutches. 

The point of chief interest in connection with the discharge of the patients is whether 
ankylosis of the hip joint has been achieved. The patients operated upon have been divided 
into groups, to facilitate the evaluation of the various methods of operation. Table V shows 
the number of patients with and without ankylosis at the time of discharge from the 
Hospital. 

Of the 113 patients operated upon, five deaths were classed as postoperative and 
three deaths subsequently followed,—one at fourteen months after operation from 
nephrosis, the second nineteen months after operation from tuberculous peritonitis, and 
the third thirty months after operation from miliary tuberculosis. Death occurred in two 
other patients after re-admission. Of the 103 remaining patients who were discharged, 
fifty-three showed ankylosis clinically, but only eight of these showed fusion by roentgen- 
ographic examination. The patients were all walking, with weight-bearing on the affected 
side, when they left the Hospital, and only a few elderly patients required a cane. 

There was an average of 3.5 centimeters of real shortening and 3 centimeters of ap- 
parent shortening on the affected side. The patients who showed clinical ankylosis had 
15 to 20 degrees of flexion, 0 to 20 degrees of abduction (five had adduction of 5 to 20 
degrees), and external rotation of 5 to 45 degrees. None of them were complaining of undue 
pain, and all were satisfied with their results. 


Re-Admissions 

At varying periods following discharge, eighteen patients returned to the Hospital. 
Ten returned because of the appearance of fistulae; two had active tuberculosis elsewhere 
in the body; three required extra-articular fusion; and three required subtrochanteric 
osteotomies. Death occurred in two of the re-admitted cases. 


Result of Follow-up Investigation 


During the interval between discharge from the Hospital and the follow-up report, 
there were four additional deaths: One occurred five years after discharge as a result 
of meningitis; two patients died of pulmonary tuberculosis nine years and two years, 
respectively, after discharge; and the fourth patient died of peritonitis, three years after 
discharge. Information regarding the ninety-nine remaining cases was obtained by ex- 
amination, questionnaire, or both, and was adequate for this report in all instances except 
five. It will be noted from Table VI that fusion had occurred, both clinically and roentgen- 
ographically, in fifty-eight cases. The fusion had occurred in 5 to 10 degrees of flexion, 5 
to 10 degrees of abduction, and 0 to 25 degrees of external rotation. Six patients had drain- 
ing fistulae. Twenty-one patients had symptoms of mild pain, fatigue, stiffness, limp, or 
discomfort with weather changes; most of these patients were in the group in which 
ankylosis had not occurred. 

Twenty-eight patients had found it necessary to change their occupations. Six of 
them were on old-age pensions and the remainder had returned to their original jobs, many 
of which included hard labor. 

DISCUSSION 

A radic¢al operation has been described in which an attempt has been made, as far as 
possible, to remove all tuberculous debris to the extent that this could be recognized by 
the naked eye. By this operation, the conditions for allowing fusion of the hip to occur 
have been fulfilled in the majority of cases (Figs. 2-A to 8-C, inclusive). The mortality 
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rate, which includes the postoperative deaths, as well as the delayed deaths from this form 
of treatment, is 12.4 per cent., while the number of fusions which occur is only 58.6 per 
cent. 

A number of reasons might be mentioned to explain why fusion was not obtained in 
more cases. In the earlier period, fusion was not considered desirable, and early passive 
and active movements were instituted. In some cases the destructive changes in the head 
of the femur and the acetabulum were so extensive that it was necessary to remove a con- 
siderable amount of bone, thus causing the contact between the newly created surfaces to 
be poor and insufficiently broad to allow fusion to take place. Progression of the process 
may also be one of the reasons why fusion fails to occur. However, this was not observed 
in any case in this series. 

The author considers this operation to be indicated (1) in those cases where an abscess 
has developed in the vicinity of the diseased hip; (2) in patients with incipient fistulae in 
whom secondary infection has not occurred; (3) in those cases where sequestra are to be 
observed in the head of the femur or the acetabulum; and (4) in any cases showing a 
tendency to luxation, subluxation, or other malposition, where an operation should be 
done in all circumstances. This refers, of course, to patients over sixteen years of age. It is 
necessary to decide each case individually, and this is even more essential when we are 
dealing with patients with disseminated disease. Caution is especially necessary in patients 
with pulmonary tuberculosis. Intervention at an early stage in the disease is undoubtedly 
to be preferred to a resection of necessity in cases with a number of draining sinuses. It is, 
therefore, desirable that the patients should be sent in for treatment as soon as possible. 

If an osseous ankylosis is not achieved, there is always the possibility of being able, 
at a later date, to do an extra-articular arthrodesis which can then be carried out without 
consideration for the tuberculous process. 


REFERENCES 
Hanson, Ropert: Personal communication. 
JACOBSEN, Lupvic: Om resection af hofteleddet i tillfaelde af caries og suppuration. Copenhagen, J. H. 
Schultz, 1874. 
Wuire, ANTHONY (Obituary of): Lancet, 1: 324-325, 1849. 


DISCUSSION 
HAMSTRING-TENDON TRANSPLANTATION 
(Continued from page 549) 


tion. Dr. Hough of Springfield, Massachusetts, was in St. Louis last summer and was interested in the results 
of hamstring transplantations. I saw him three days ago, and he said that, since being in St. Louis, he had 
checked on hamstring transplantations at his own clinic and had found none that had caused dislocation of 
the patella. Dr. Fischer found two unsatisfactory results, and apparently there were none in Dr. Vinke’s 
experience. 

We did not segregate those cases of lateral displacement of the patella following biceps transplantation 
which had originally been treated in other clinics, and which had been seen by us after the patella had dis- 
located, Segregation was not necessary, since the same thing had happened in many of our own cases. In eight 
of the twenty-nine lateral dislocations of the patella, the patients had had biceps-tendon transplantation 
alone in clinics other than our own; so we know that other clinics do have similar problems following this 
procedure. I believe that this is a problem which warrants further checking, with the idea in mind that we are 
able to prevent the chief cause of failures. 
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INTERNAL FIXATION FOR LUMBOSACRAL FUSION * 


BY DON KING, M.D., SAN FRANCISCO, CALIFORNIA 


From the Division of Bone and Joint Surgery, Department of Surgery, 
Stanford University Medical School, San Francisco 


Although some difference of opinion may exist about the indications for lumbosacral 
fusion, there can be no doubt about the effectiveness of the operation in properly selected 
vases. Its field of usefulness is large, and, if the prolonged period of postoperative fixation 
in plaster could be eliminated, many more patients would take advantage of this operative 
procedure. 

During the past eight years we have been using metal screws through the lateral 
articulations, with the idea of securing rigid internal fixation at the time of the operation 
and thereby eliminating the necessity for prolonged immobilization in plaster. This 


— —— 














Fig. 1 
Illustrates use of notched Bennett retractor for exposure of lateral articulations, and special 
osteotome for removal of articular cartilages. 


* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 27, 1947. 
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Fic. 2 


Showing insertion of drill point and screw. 


operation has been quite satisfactory, and the primary purpose of this paper is to describe 
the technique and to report the present condition of forty-four patients who were operated 
upon during the years 1940 to 1945. 


OPERATIVE TECHNIQUE * 

The local supply of bone is supplemented with bone grafts from either the tibia or 
the ilium, the ilium being preferred. To facilitate removal of the iliac graft, the operation 
is started with the patient in the three-quarters-prone position, so that the anterior half 
of the iliae crest and the lumbosacral area can be exposed simultaneously through the 
hole in a Caesarean drape sheet. The incision for removal of the bone graft begins at the 
anterosuperior spine and extends backward along the anterior half of the iliae crest for 
about five inches (thirteen centimeters); here the crest is widest and practically subcu- 
taneous. A large quantity of cancellous bone is immediately available and can be obtained 
in long slices, chips, or in a single piece, as the surgeon desires. The wound is closed, the 
sandbags are removed, and the patient is allowed to assume the fully prone position. 

Through a mid-line incision, the muscles are reflected from the spinous processes and 
laminae in the usual way. Exposure of the lateral articulations is greatly facilitated by the 
use of Bennett retractors with notched tips (Fig. 1). The notched tip of the retractor is 
placed against the lateral mass of the first sacral vertebra, just lateral to the sacral facet. 


* The technique is described for a single joint fusion,—lumbosacral. 


VOL, 30-A, NO. 3, JULY 1948 








562 DON KING 


With this point as a fulcrum, the 
handle of the retractor is pressed 
outward (lateralward) so that its 
broad body fits snugly against the 
muscle, keeping it out of the way. 
By this means a satisfactory ex- 
posure of the lateral articulation 
is obtained, for removal of its 
articular cartilage. For this pur- 
pose we have used a Smith- 
Petersen curved osteotome, one- 
half inch wide, with the terminal 
end reshaped and hilted to fit the 
curve of the average lateral articu- 
lation (Fig. 1). The fifth lumbar 
spinous process is removed, and a 
small notch is made in the middle 
of the cortical surface of the ar- 
ticular facet for the reception of a 
drill point. This is necessary to 
prevent “‘wandering”’ of the drill 
point when it begins to rotate. 
The drill (a No. 31 drill point 
being used) is directed downward 
and outward, parallel to the in- 
Fic. 3 ferior edge of the lamina (Fig. 2), 
at an angle of 45 degrees. The drill 
passes through the two facets of 
the articulation, making a tunnel for the insertion of the screw. (For women, a screw 
three-quarters of an inch in length is used; for men, one inch.) After the screws have been 
inserted and tightened, the rigidity of fixation can be tested by seizing the stump of the 
spinous process with a bone-holding forceps and lifting toward the ceiling. The sacrum 
and the fifth lumbar vertebra now move together. 

The remainder of the operation consists in elevating multiple small grafts from the 
fifth-lumbar laminae and sacrum, and arranging the tibial or iliac grafts against the raw 
osseous surfaces thus produced. In a few cases in which the spinous processes were well 
developed, a tibial graft has been fastened to them with small screws (Fig. 3). The wound 
is closed with a soft rubber drain, which is left in place for two days 


‘ 








Tibial graft fastened to tips of spinous processes. 


Postoperative Care 

After the operation the patient is placed in a board-reinforced bed, and he is urged 
to turn himself from time to time. This is painful during the first three days. Fifty thou- 
sand units of penicillin each three hours are given for seven days. Although patients 
can get up and walk in a few days, they are encouraged to stay in bed for three weeks. 

There are two indications for postoperative bracing. First, if the patient has used a 
brace for a period of months or years before the operation, he should continue with his 
brace until fusion is solid and exercises can be started. The second indication is in an 
occasional case in which absolutely rigid fixation has not been secured. In such cases, we 
have used a chair type of lumbosacral brace. 


Variations in Operative Technique 
As mentioned previously, bone grafts from the tibia have been used in some cases. 
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he In some patients with well-developed spinous processes, we have placed a tibial graft 
ed directly on top of the spinous processes of the fifth lumbar and first sacral vertebrae, and 
its fastened the graft directly to them with screws (Fig. 3). On several occasions, particularly 
he in cases where there has been a transitional type of fifth lumbar vertebra and one of the 
Y. lateral articulations has not been well developed, a screw has been used only on one side. 
'X- Needless to say, the operative technique has been used on a number of occasions in 
on conjunction with the removal of displaced portions of the intervertebral disc. 
its 
“ Dissecting-Room Experiment 
h- In contemplating the use of screws 
1e- through the lateral articulations, one natu- 
al rally wonders if the facet is really large 
he enough to admit a screw without danger of 
u- fracture of the facet through the screw hole, 
ar particularly after the patient becomes ambu- 

a latory and the bone is subjected to the 

lle stresses and strains of motion. In an effort 

r= to determine this point, screws were placed 

a through the lateral articulations of fresh 

to cadavera. It was found that when a hook 

ill was placed under the laminae of the fifth 

e, lumbar vertebra, and traction was applied 

nt to this hook through a ceiling pulley, fracture 

rd of the lateral articulations did not result. A 

n- review of this series of cases did not disclose 

). a single fracture of a facet. 

ill — 

a Complications 

W In the entire series of fifty-five cases, Fic. 4-A 
on there were two cases of wound infection which W. M. Six years after operation. 
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. Oblique and lateral views, four years after operation. 
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necessitated removal of the screws, one postoperative atelectasis, and one case of mild 
thrombophlebitis. In one patient, definite nerve-root irritation resulted from one of the 
screws, Which had to be removed. No deaths occurred in this series. 


Sex and Age 


Twenty-three of the patients were males and twenty-one were females. The youngest 
patient was eighteen vears of age and the oldest was fifty-eight years; the average age 
was thirty-seven. 


Roentgenographic Findings 


The roentgenographic findings were negative in fourteen cases. A thin disc was present 
in twelve, a transitional vertebra in twelve, and evidence of arthritis in six. 


RESULTS 


Although fifty-five of these operations were performed during the six-year period 
from 1940 to 1945, we were able to establish contact with and to examine only forty-four 
of the patients. All of these patients were subjected both to clinical and roentgenographic 
investigation. When there was any question about whether a solid posterior bridge was 
present, the roentgenographic investigations were carried out with the patient in forward 
flexion and in extension. Of the forty-four patients, pseudarthrosis was definitely present 
in four or 9.1 per cent. Interestingly enough, only one of these four patients with pseu- 
darthrosis complained of pain in the back or felt that he did not have a satisfactory result 
from his operation. In this small series, therefore, there was not a very close correlation 
between pseudarthrosis and function, as three of these patients had excellent functional 
results. In addition to this one patient with pseudarthrosis who had a poor functional 
result, three others had poor functional results, although each had a perfectly solid bony 
fusion, including disappearance of the lateral articulations. In short, the results in the 
forty-four cases show solid bony fusions in forty or 90.9 per cent., an incidence of pseu- 
darthrosis of approximately 10 per cent., and about 10 per cent. with poor functional 
results. 


SUMMARY 


By the placement of screws through the lateral articulations, rigid internal fixation 
can be secured in the lumbar spine-fusion operation. The position in which the joint is 
to be ankylosed can be accurately controlled, and the necessity for prolonged immobiliza- 
tion in plaster is eliminated. Forty (90 per cent.) of forty-four patients operated upon 
have solid bony fusion after two to seven years. The osseous fusion develops slowly while 
the patient is ambulatory. 


DISCUSSION 

Dr. Lenox D. Baker, DuRHAM, NortH Carouina: This end-result study of the use of internal fixation 
of the articular facets in spine fusion is a most valuable contribution to spine surgery, and Dr. iXing is to be 
congratulated on developing this adjunct to the Hibbs fusion. In his paper, Dr. King makes it clear that the 
use of the screws is not recommended except as an adjunct, and he emphasizes the importance of bone fusion. 

Since Dr. King’s preliminary report describing the operative procedure, we have used interfacet 
Vitallium screws in 108 spine fusions. It has been our impression that the patients are more comfortable 
during the postoperative stage, are able to be ambulatory at an earlier date, have less postoperative dis- 
tention, and are less likely to have other postoperative complications, such as thrombophlebitis, et cetera. 
Again, I congratulate Dr. King and thank him for a sound and useful contribution. 


Dr. ALAN DeForest Smitru, New York, N. Y.: The desirability of internal fixation in these operations 
is quite evident. Several different methods for accomplishing this have been suggested, of which I believe 
that described by Dr. King is the best. He was the originator of the procedure and the first to use it; but 


(Continued on pare 578) 
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MUSCULAR TORTICOLLIS * 


BY FREMONT A. CHANDLER, M.D., CHICAGO, ILLINOIS 


Congenital muscular torticollis is a condition that is recognized and well understood 
by members of this Association, and it may be a bit presumptuous to open this topic for 
general consideration. The treatment of this condition, although varied, is as standardized 
as that of any well-known pathological entity encountered by the orthopaedic surgeon. 
Correction of persistent deformity by surgical measures is a recognized procedure. It has 
been carried out in a large number of cases by every surgeon in this audience. Orthopaedic 
texts are in general accord as to the characteristics of the primary and secondary deformi- 
ties of muscular torticollis and as to the need for securing the maximum correction, chiefly 
by surgical means, before skeletal maturity. Little is said concerning the optimum time 
for surgery or the more detailed management of the case. Long series of cases, recorded by 
many careful observers, attest to the efficiency of the treatment, for the results are, on 
the whole, very satisfactory. 

A dearth of papers on muscular torticollis in the orthopaedic literature of the past fif- 
teen to twenty years would seem to indicate the static position of the subject. During 
this time, a new generation of orthopaedic surgeons has come to the front. Textbook con- 
cepts of muscular torticollis are reflected with great accuracy during the course of inter- 
views which are a part of the examination of the American Board of Orthopaedic Surgeons. 
These concepts are fortified by varied personal experiences, and the subject is dismissed. 
With rare exceptions, orthopaedic texts or chapters in monographic texts refer to the 
etiology of muscular torticollis as birth trauma of the sternocleidomastoid, with hematoma 
formation and with subsequent resorption of the hemorrhage or replacement of the tumor 
with sear tissue. The high incidence of breech and abnormal deliveries is emphasized. That 
a prenatal contracture of the sternocleidomastoid may exist is recognized. 

I quote from an early text by the then Professors of Pediatrics of Columbia and Johns 
Hopkins Universities, Dr. L. Emmett Holt and Dr. John Howland, respectively: ‘‘ Hema- 
toma of the sternomastoid muscle leads to the formation of a tumor in the belly of the 
muscle. It is a rather rare condition, usually noticed in the second or third week of life, 
and it disappears spontaneously, rarely causing any permanent deformity. The tumor va- 
ries from three-quarters of an inch to one inch and a half in length, being about the size 
and shape of a pigeon’s egg. It is movable, almost cartilaginous to the touch, and some- 
times slightly tender. The situation of the tumor is usually about the center of the muscle. 
There is no discoloration of the skin. 

“In about two-thirds of the cases it occurs after breech presentations. It is much more 
frequent upon the right than upon the left side. In twenty-seven cases collected by Henoch, 
the right side was involved in twenty-one and the left in only six cases. The explanation 
of this difference is to be found in the obstetrical position. Rarely, both sides may be in- 
volved. The head is usually slightly inclined toward the shoulder of the affected side and 
rotated toward the opposite side. The swelling slowly diminishes in size, and in most cases 
by the end of the third month has nearly or quite disappeared. Occasionally a slight 
torticollis remains for a longer time, but in the majority of cases the recovery is perfect. 
Hematoma of the sternomastoid is due to the twisting of the head during parturition. It 
is not an evidence of the employment of any improper force in delivery. The twisting of 
the head produces laceration of some of the blood vessels of the muscle and in some cases 
there is doubtless rupture of some of the fibers of the muscle itself. Following this there 
occurs a certain amount of inflammation of the muscle and its sheath. The tumor is due 


* Presented at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 29, 1947. 
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partly to blood extravasation and partly to inflammatory products. In one or two recent 
cases in which the sheath of the muscle has been opened it has been found filled with blood. 

“The condition requires no treatment. Operative interference is positively contra- 
indicated.” 

Elsewhere in the same text, the authors state: “An vid case of torticollis is a serious 
matter and radical measures should be resorted to eariy in the disease’. 

More recently Shands, in his excellent and popular Handbook of Orthopaedic Surgery, 
states: ‘‘It has been thought by some observers that the pathogenesis is rupture of many 
of the muscle fibers during birth, with the formation of a hematoma and subsequent re- 
placement of part of the muscle by scar tissue. Hematoma of the sternocleidomastoid 
muscle is sometimes observed in the newborn infant; it forms a nontender cylindrical 
tumor which usually regresses slowly in from three to six months. Incomplete regression 
of the hematoma may be followed by the development of a contracture of the sternoclei- 
domastoid muscle.”’ 

Robert W. Johnson, Jr., writing in Christopher’s A Textbook of Surgery, says: ‘‘The 
muscle may become contracted in utero or may undergo fibrosis and shortening secondary 
to stretching and tearing during delivery. In many cases a hematoma in the muscle can be 
palpated in the first week.” 

Christian, in Osler’s book, states: ‘‘In congenital wry-neck the sternomastoid is 
shortened, hard and firm and in a condition of more or less advanced atrophy. This must 
be distinguished from the local thickening in the sternomastoid due to ruffeure, which may 
occur at birth and produce an induration.”’ 

The foregoing quotations represent a fair cross section of source material relating to 
the pathology of muscular torticollis. Concerning the significance of tumors in the sterno- 
cleidomastoid, discussions with many pediatricians of wide clinical experience would in- 
dicate that such tumors are undoubtedly hematomata, are of little or no significance, and 
leave no lasting defect. To suggest any other opinion always precipitates a heated argu- 
ment. 

The cases of muscular torticollis seen by the orthopaedic surgeon permit a different 
perspective on the significance of early muscle changes. In a paper published in 1944 by 
Chandler and Altenberg, 101 cases of muscular torticollis were analyzed. In order to pre- 
sent a somewhat wider concept of the problem, these cases are now combined with a group 
of 124 patients with muscular torticollis who have been operated upon at the University 
of Illinois since 1938 and in private practice since 1943. This makes a total of 225 patients. 
Of these, 109 were males and 116 females. The right side was involved in 127 instances and 
the left side in 98. The age of the patient at time of operation ranged from three weeks 
to seventeen years. Forty-two patients were under one year of age. Of these, twenty-six 
were less than four months old; the youngest was three weeks of age. 

Birth histories are important, but in this combined series they are relatively inaccu- 
rate, especially in the older group. In the infant group, where more details are available, 
a history of breech presentation is encountered in about 50 per cent. The number of diffi- 
cult deliveries of other presentations is high. Three infants were delivered by Caesarean 
operation. 

The high incidence of breech presentations in cases of muscular torticollis is of par- 
ticular significance, for a direct relationship between the deformity and the abnormal 
presentation probably exists. Of the various textbooks on obstetrics reviewed, the only 
reference to torticollis as a factor in breech presentation was made in the latest edition of 
De Lee and Greenhill’s Obstetrics. In this text, our previous publication was quoted at 
length. The high incidence of breech deliveries in cases of muscular torticollis has been 
stressed by many others writing on this subject. Obstetrical literature reflects an increasing 
interest in the relationship of prenatal posture to various deformities,--an observation 
well established among orthopaedic surgeons. The high incidence of breech presentations 
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adds weight to the well-recognized concept of prenatal pathological changes in the 
sternocleidomastoid. 

The group of infants under four months of age are of particular interest. The torticollis 
in some was noted soon after delivery, but the tumor of the sternocleidomastoid was 
not recognized until the tenth to fourteenth day after birth. The tumor increased in size 
for the next three to five weeks, and then slowly receded at varying rates, occasionally 
persisting for months. This tumor is smooth, attached to the deeper structures, and freely 
movable beneath the skin and on the underlying cervical spine. It is tense, semi-elastic, 
and apparently tender to pressure. Separate tumors may involve both portions of the 
muscle. There is no induration of the soft parts adjacent to the tumor; and in none of the 
cases in this report was there any ecchymosis of the overlying skin. Erb’s palsy occurred 
three times, once on the same side as the tumor and twice on the opposite side. 

The various theories advanced to explain the development of the tumor mass have 
been presented in our previous publication. In that article, conclusions as to the origin 
of the tumor were as follows: ‘‘We believe, therefore, that intrauterine malposition, and 
the possible pressure and ischemia which may result in the sternocleidomastoid muscle 
therefrom, contribute to the cause of muscular torticollis by rendering the muscle definitely 
atrophic, maldeveloped, fibrous, shortened, and ischemic. These changes may well cause 
the muscle in some cases to be liable to damage with a traumatic or even a normal de- 
livery, which would not damage the normal sternocleidomastoid muscle.”’ 

Operations performed for the correction of torticollis in this entire series varied in 
type according to age. In the older patients, detachment of the sternal and clavicular 
heads of the sternocleidomastoid, followed by retention of the muscle in an overcorrected 
position, gave satisfactory results. The employment of a stretching sling over the shoulder 
and incorporated into the cast was found to be most advantageous. In the group of forty- 
two infants, excision of the tumor mass was carried out. This procedure is not a serious 
one, but must be done in such a way that the other structures of the neck, especially. the 
spinal accessory nerve, are not damaged. This nerve should be identified and disengaged 
from the tumor. The nerve is a small structure, which usually passes between the bellies 
of the cleido-occipital portion of the muscle in the middle third. Considerable variation 
in its position has been encountered. Hemostasis is most essential. Closure of the wound 
is accomplished by deep suture with plain catgut and subcuticular suture of the skin. To 
obliterate any dead space, a pressure dressing is applied. A light plaster splint, which 
maintains overcorrection, is worn for three or four weeks. This is followed by gentle 
stretching of the muscle, which can be performed by the patient’s mother. 

A study of the excised tumors is of interest,—-especially that of tumors removed 
within the first few weeks of the infant’s life. These tumors consist of fusiform masses, 
involving part or all of the muscle belly of the sternocleidomastoid, usually in its middle 
third. The tumor is limited by the perimysium and may extend proximally and distally 
to involve the entire muscle substance. It is firm in consistency and separates readily 
from adjacent structures. Cross section reveals a white, fibrocartilaginous, glistening 
surface, which at times is slightly lobulated. In none of the specimens was there anything 
to suggest blood-clot formation or residual blood pigment. Microscopic sections show 
muscle fibers in all stages of degeneration, as reflected by their wide variations in staining 
qualities. Fibrous tissue is abundant, replacing muscle fibers to varying degrees. Occa- 
sionally, normal muscle fibers survive. These are usually at the periphery of the fibrous 
mass. No evidence of hemorrhage or residual hemosiderin was present, even in specimens 
removed in the earliest weeks of the patient’s life. The over-all pathological process appears 
to be that of the replacement of muscle tissue by fibroblasts, which develop in great pro- 
fusion to form the tumor mass. This may be likened, in some respects, to the great excess 
of callus frequently found at the site of birth fractures. In older patients, the tumor has 
disappeared, leaving a firm inelastic band, which replaces part or all of the normal muscle. 
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The results of the surgical correction of muscular torticollis are probably the most 
positive of those obtained from any orthopaedic procedure, provided the operation is done 
at an age that will permit remolding of the skeletal structures. The justification of surgery 
in very young infants may be debatable, but our uniformly good results, and the preven- 
ticn of the more fixed secondary skeletal deformities, lead us to the conclusion that early 
operation is indicated. 

A wider experience with early operation by members of this Association will clarify 
the indications and contra-indications for such a course. 
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Dr. J. Hrram Kite, ATLanta, Georaia: After several years of programs devoted to war surgery, I am 
pleased to see congenital deformities back on the program. 

I want to thank Dr. Chandler for taking up a subject that is ‘‘static’’, as he expressed it, and giving us 
so many new facts about it. He has changed the name from ‘‘congenital”’ to ‘‘ muscular’’ torticollis. 

We have been told by the authorities in the past that the tumor was due to a hemorrhage in the muscle, 
and we have accepted this, even though we have never seen any discoloration of the skin. Dr. Chandler has 
shown that in none of his patients, not even in the three-week-old baby, were there any signs of intramuscular 
hemorrhage, nor was hemosiderin to be found upon microscopic examination. 

Nové-Josserand and Viannay thought that the condition was due to an ischaemia. They stated that the 
middle part of the sternocleidomastoid was supplied with blood by an ‘‘end artery’’, and they noted that 
in every case of wryneck the lumen of the sternomastoid artery had been obliterated at the anterior border of 
the muscle. Chandler has shown in his dissections that the muscle is supplied by several arteries, and that 
there was bleeding from all when he dissected out the tumor. 

It has been claimed that the trauma of labor causes a temporary acute obstruction of the veins, followed 
by a fibrous-tissue change similar to the mechanism which produces contracture of the flexor tendons of the 
forearm in Volkmann’s ischaemic contracture. Chandler has shown that the venous drainage of the sterno- 
cleidomastoid empties into all the major veins of the neck. He has shown a profuse communication in the 
muscle with at least eight major veins, so it is difficult to believe that there can be a venous stasis. 

Of the 225 cases reviewed, forty-two of the patients, or nearly one-fifth, were under one year of age. 
Twenty-six, or more than 10 per cent., were under four months of age. I have not dissected out the tumor 
in any patients of this type. In the past, we have been told by our best authorities that the condition requires 
no treatment, and that operative interference is positively contra-indicated. This may be another “error” 
which has been handed down, but since there is a good probability that many of these tumors will clear up 
spontaneously, I am still inclined to give Nature a chance. 

As to the operative procedure, I used to employ general anaesthesia in all of my cases, but for the last 
few years I have done them under local anaesthesia. I feel that it is necessary to apply a form of fixation 
that will keep the head rotated in the opposite direction until the muscle has healed, and, therefore, I have 
used a plaster jacket. This can be more easily applied if the patient is awake and not nauseated. 

My poorest results have occurred in cases where the head rotated in the jacket and turned back toward 
its original position; so I think the postoperative treatment is as important as a thorough division of both 
heads of the muscle. 


Dr. Rosert V. FuNsSTEN, CHARLOTTESVILLE, VIRGINIA: Dr. Chandler has presented an old subject 
in a very interesting way, and has added a new approach to the treatment of muscular torticollis. Never 
having attempted surgical removal of the tumor mass, and never having done surgical correction in a child 
under one year of age, I am not sure I can agree with him on the advantage or necessity of this procedure, but 

(Continued on page 588) 
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CORACOCLAVICULAR JOINT 


SURGICAL TREATMENT OF A PAINFUL SYNDROME CAUSED BY AN ANOMALOUS JOINT 
BY LUIZ GUSTAVO WERTHEIMER, M.D., SAO PAULO, BRASIL 


From the Clinica Ortopédica e Traumatoldégica *, Hospita! das Clinicas da 


Faculdade de Medicina, Universidade de Sado Paulo 


In the normal human skeleton, the bones of the shoulder girdle are joined together by 
the acromioclavicular articulation and by the trapezoid and conoid ligaments, which go 
from the inferior surface of the lateral third of the clavicle to the body of the coracoid 
process. These coracoclavicular ligaments help to unite the clavicle and scapula and, with 
their form and elasticity, they allow a certain degree of dislocation between these bones in 
movements that have as centers the acromioclavicular and sternoclavicular articulations. 

Occasionally, however, we find an articular formation which joins the two bones of 
the scapular girdle, substituting for the trapezoid and conoid ligaments the ‘‘articulus 
coracoclavicularis’’. 


Incidence of the Coracoclavicular Joint 


Comparatively few cases of this condition have been reported in the literature. Until 
1900, the only cases published were reported by Gruber, Luschka, and Fick. From a re- 
search of all literature up to this year, the author was able to record cases reported by the 
following authors: 

A. With roentgenographic proof: Frassetto (three cases), Possati, Giongo, Pigorini, 
Pondé and Silveira, Agati, Ikeda, Timpano (four cases), Longhi, Gradoyevitch, Alarcén, 
Figueiredo, Slocum, Nutter (twelve cases), and del Valle and Giordano. These cages, 
plus the two cases reported here, made a total of thirty-three with roentgenographic 
confirmation. 

B. With necropsy confirmation: Poirier (three cases), Fick (two cases), Gruber, 
Luschka, Jeanneney and Celles, Gowland, Testut (three cases), Monteiro, Lane, Ponthus 
and Boudénes, Miessen, and Schlyvitch. There were, therefore, seventeen cases which had 
been proved anatomically. 

This gives a known total of fifty cases up to the present. Publications have appeared 
about the ossification of the coracoclavicular-joint ligaments, as those of Hartmann 
(1887), Robineau (1897), and Ribet (1931), the latter with three observations in eighty 
scapulae. These cases of pathological ossification of the coracoclavicular ligaments are not 
to be confused with those of a true joint. 


Clinical Significance of the Coracoclavicular J oint 


The coracoclavicular joint has occasionally been seen at the dissection table or on 
roentgenograms. We must distinguish the chance discoveries on roentgenograms, taken 
for another reason unrelated to the anomalous articulation, from those in which pain in 
this region directly indicated roentgenographic examination. 

The chance discoveries are more frequent and the authors, with the exception of 
Frassetto, do not refer to any symptoms caused by the anomalous articulation. Frassetto 
cited the case of a woman with a bilateral coracoclavicular joint, who had fractured the 
surgical necks of both humeri in two accidents; in his opinion, the coracoclavicular articu- 
lation predisposed to the fracture of the neck of the humerus. 

The coracoclavicular joint caused symptoms in only a few cases. Possati found signs 
of osteo-arthritis in the coracoclavicular joint and in the other surrounding joints ina 


* Prof. F. E. Godoy Moreira, Director. 
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workman, sixty-three years 
old, who suffered from pain 
and limitation of shoulder 
movements. Del Valle and 
Giordano observed a woman 
of thirty-five with a painful 
cervicobrachial syndrome 
which improved after re- 
section of the coracoclavicu- 
lar joint. 

The first of our pa- 
tients was also a workman, 
with pain and limitation of 
the shoulder-joint move- 
ments, who improved after 
resection of the coraco- 
clavicular articulation. He 
was a male negro, aged 
thirty-seven, who com- 
plained that pain in the 
shoulder had been present 
for the last three years. The 
patient stated that, while 
working as a rock digger, 
his arm was suddenly forced 
into motion, as a stone that 
supported his lever slipped 
off unexpectedly. Until then 
he had had all the move- 
ments of the shoulder, and 
had had no complaints. 

Since this accident, 
three years before, the pa- 
tient had begun to feel 
continuous pain in the 
shoulder, increasing with 
any movement. The pain 
Was continuous, radiating 
to the arm, persisting dur- 
ing rest, and increasing 
with exercise. The shoulder 
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Fic. 1 
Roentgenogram of shoulder shows osseous overgrowth at juncture 
of distal and medial portions of the clavicle, directed downward and 
outward, with an enlarged downward and inward border. Another 
osseous overgrowth is present at the base of the coracoid; this articu- 
lar surface is adjusted to the clavicle, with a joint space of three 
millimeters. 





Fic. 2 
Skin incision and skeletal relationship. The vertical incision is 
along the deltoid-pectoral groove, and the horizontal incision is along 
the lateral third of the clavicle. 


movements became limited as a result of the pain, and the patient had not worked for two 
years. He was treated with massage and injections without relief. 

Examination of the active movements of the left shoulder revealed that abduction 
could be made without pain as far as 45 degrees, and it was possible up to 80 degrees 
With severe pain. Flexion was not painful up to 60 degrees; extension was normal; external 
rotation was painful; internal rotation was normal and not painful. Palpation caused pain 
in the deltoid area. A neurological examination was negative. 

The roentgenograms did not show any local alteration, except an anomalous coraco- 
clavicular joint (Fig. 1); a bony projection, one centimeter long, arose from the site of 
union of the middle and lateral thirds of the clavicle and was directed downward and 
outward. It was slightly enlarged at its free end, which was directed downward and 
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Fic. 3 


Deltoid detached at clavicle and swinging outward. There is clear exposure of lateral third of 
clavicle, pectoralis minor and coracobrachial attachment, scapulohumeral capsule, and long biceps 
tendon. Note the fat tissue between clavicle and coracoid process. 


' Clavicula 
Art. coraco clavicularé: 
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Fic. 4 


After excision of the fat tissue, we find fibrous bands. After excision of the fibrous bands, the joint 

is shown. Between the osseous overgrowth we see an intra-articular disc, with the superior surface 

free and smooth and the inferior surface rough and partially adherent. 
inward. At the base of the coracoid process was a formation directed toward the clavicular 
process, with which its free surface adjusted exactly, and from which it was separated by a 
space of three millimeters. Roentgenograms of the opposite side did not show the existence 
of a similar anomaly. 

Prolonged physiotherapy was carried out; it consisted mainly of heat, massage, and 
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Fig. 5 


After removal of the disc, an osteotomy of the anomalous overgrowth is performed, emptying the 
space between the clavicle and the coracoid process. 
movement, alternated with periods of rest. A year later the patient was in the same condi- 
tion, complaining of constant pain which had prevented him from working for two years, 
so that resection of the anomalous joint was decided upon. 


Operation 

An incision of fifteen centimeters (six inches) was made over the deltoid-pectoral 
fold, from the clavicle to the anterior axillary fold (Fig. 2); the cranial end of this incision 
was prolonged outward, over the clavicle, to an extent of six centimeters. The superficial 
layers were dissected as far as the pectoral fascia. The deltoid muscle was detached from 
the clavicle; the muscle was then turned outward (Fig. 3). Large exposure was made of 
the pectoralis minor and coracobrachialis muscles, on the apex of the coracoid process, and 
of the pectoralis major and the capsule of the scapulohumeral joint, with the tendon of the 
long head of the biceps. A mass of fat tissue was found, filling the subelavicular space. When 
this had been removed, at certain points fibrous tissue was seen, forming bands resembling 
a true ligament; after excision of that tissue, a bone formation appeared at the union of 
the lateral and middle thirds of the clavicle, joining its inferior surface with the base of the 
coracoid process (Fig. 4). The scalpel cut through a space between the two processes and 
showed a smooth, shining surface turned upward, which was recognized as the superior 
surface of an interarticular disc. When attempts were made to remove this disc, it was 
found to be partially attached to the rough superior surface of the base of the coracoid 
exostosis. 

An osteotomy of the two joining processes was performed (Fig. 5). The same fibrous 
bands described on the anterior surface were seen, corresponding to the posterior surface 
of the pre-existing articulation, and more extensive. Reconstruction of the different layers 
Was carried out, and a dressing and bandage were applied and continued for eight days. 
Postoperative Course 

The skin sutures were removed after eight days, and active movements were started. 
When the patient was examined, three months after operation, he was free from pain, 
movements had become unrestricted, and it was possible for him to join his hands over his 
head with his arms fully extended. 
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Fic. 6 
Section of clavicular process shows spongy bone tissue, consisting of wide lacunae filled with bone 
marrow and covered by a thin layer of bone tissue; this is covered by a fairly thick layer of fibrous 
cartilage. 











Section of the coracoid exostosis shows the same arrangement, except that the layer of compact 
bone tissue is thicker and has a typical Haversian system. The covering cartilage presents fibrilla- 
tion. 
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Fic. 8 
Section through entire thickness of the articular disc reveals fibrocartilaginous arrangement. 


Histological Examination of the Articular Formation * 


Section of the clavicular process showed spongy bone tissue, consisting of wide 
lacunae filled with bone marrow and covered by a thin layer of bone tissue; this was 
covered by a fairly thick layer of fibrous cartilage (Fig. 6). Section of the coracoid exostosis 
(Fig. 7) showed the same arrangement as in the former section, except that the layer of 
compact tissue was thicker and had typical Haversian systems. The covering cartilage 
presented fibrillation. A section, cut through the entire thickness of the articular disc, 
revealed a fibrocartilaginous arrangement (Fig. 8). 

The second case was a chance discovery in a patient suffering from thoracic contusion. 
The patient had no complaints that could be attributed to this articulation. Figure 9 
shows the abnormal articulation, not so fully developed as in the first case. 


COMMENT 
Frequency of the Anomaly 
Most authors consider the coracoclavicular joint a rare anomaly. Gruber reported 
one case with a true articular capsule among thirty-eight shoulders examined. Pondé and 
Silveira examined 2,300 roentgenograms and found only one coracoclavicular articulation. 
Schlyvitch examined both shoulders of sixty cadavera and found the condition only once. 
Alare6én saw one case in ten years. Frassetto and Testut observed three cases each. We 
examined 277 roentgenograms of shoulders (177 unilateral and 50 bilateral) and found two 
‘ases. The works of other authors refer to only one case each. All of these men are unani- 
mous in affirming the rarity of the anomaly. This rarity is contested only by Poirier, who 
observed three cases in ten cadavera, a frequency of 30 per cent., and Nutter, who ex- 
amined 1,000 roentgenograms of adult shoulders and reported anomalous joints in twelve 
cases, or 1.2 per cent. 
An attempt has been made to explain the difference between Poirier’s and Nutter’s 
* By Godofredo Elejalde, M.D., of the Department of Pathology, 
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findings and those of the 
others. Miessen attributes lit- 
tle value to Poirier’s cases, 
because Poirier does not state 
clearly whether or not he 
found a true joint, with a 
cartilaginous lining and an 
articular capsule. 

Nutter’s statisties of 
twelve cases in 1,000 do not 
agree with those of Pondé and 








Fic. 9 Silveira, who in 2,300 roent- 
Another patient with the same anomaly as that shown in Fig. 1, genograms found the anomal- 
but which has recently developed without symptoms. 


ous joint only once. It is 
possible that this discrepancy is caused by the great variety of development and shape of 
the articular elements, which caused confusion among the authors as to the interpretation 
of the coracoclavicular joint. 

Schlyvitch examined sixty cadavera and did not observe any surface of osseous con- 
tact at the site of the trapezoid and conoid ligaments in forty-four cases; in eight cases 
there were contacting surfaces, but they were covered by fiborus tissue; in only six cases 
did he find a more conspicuous process of the clavicle, lined by cartilage, and a correspond- 
ing coracoid surface, also lined by cartilage. Schlyvitch did not consider even these last 
six cases as true joints, because there was no articular fissure surrounded by a capsule. In 
only one case did he find a true diarthrosis with all its constituent elements. Schlyvitch 
thinks that roentgenograms are open to criticism, and he states that the true articulation 
‘an be shown only by dissection. It is possible that in the cases he dismissed—-with con- 
spicuous bony processes lined by fibrous or cartilaginous tissue, and an articular fissure 
but no articular capsule—the condition would be taken for true diarthrosis by roent- 
genologists, since these elements cannot be shown by roentgenograms. 

The authors, such as Frassetto, Nutter, and Gradoyevitch, who reported cases with 
roentgenographic evidence, say that the presence of a clavicular bony process with a 
facet adapted to the adjacent coracoid process, like the articular surfaces of other true 
articulations, and with a clear articular fissure, leaves no doubt as to the existence of other 
elements that could not be shown by the roentgenograms. 

These discussions are of no importance, because the point is not to recognize the 
type of joint, but to demonstrate the existence of an articulation, be it a diarthrosis, a 
symphysis, or another type of joint. 


Clinical Importance 

The articulation may exist without disturbance to the patient, as one sees by the 
accidental discovery of the coracoclavicular articulation in roentgenograms. The authors 
who refer to these as harmless articulations could not have followed the patients to see 
whether or not the anomaly caused any symptoms later, especially at the age at which 
the joints suffer degeneration, for the anomalous joint must be subject to the same 
pathological changes as every articulation. 

According to Frassetto, this articulation is a predisposing factor in fractures of the 
surgical neck of the humerus through a direct or indirect blow, as this joint makes it almost 
impossible for the two bones of the shoulder girdle to separate, which is possible with the 
normal ligaments to a relatively large extent. The head of the humerus comes against the 
glenoid cavity, which is practically a rigid wall and, therefore, not able to soften the blows 

_transmitted through the humerus; this would strain the resistance of the bone to its ut- 
most, thus causing a greater probability for fractures. Frassetto quotes the case of a negro 
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CORACOCLAVICULAR JOINT old 


woman with a bilateral coracoclavicular articulation, who fractured the surgical necks of 
both humeri in two falls. 

Possati presents the case of a workman, sixty-three years of age, who complained of 
pain in his shoulder and had the movements of this joint restricted. The roentgenograms 
showed many osteophytic formations in the acromioclavicular and coracoclavicular joints 
and in the surrounding area. Possati considered these osteophytic formations to be a sign 
of osteo-arthritis in these joints, due to the continual movements to which the joints were 
subjected in consequence of the man’s work as a stoker, and to the greater rigidity imposed 
on the region by the presence of the anomalous joint. This interpretation is confirmed by 
a roentgenogram of the other shoulder, which was perfectly normal. 

Del Valle and Giordano observed a white woman, aged thirty-five, who had com- 
plained of pain in the left shoulder for one year, radiating to the mammary region, neck, 
and left arm. The pain was slight at the beginning and not influenced by analgesics, but 
gradually became worse with movement and was acute in the coracoid region, from which 
it radiated to the neck and axillary cavity. Occasionally she had an itching sensation in 
the last four fingers, followed by transient paralysis of the hand. The patient was submitted 
to different forms of treatment, without relief. At resection, a complete articulation was 
found. The complete success of the operation was confirmed a year later. The authors 
concluded that, as in the cervical-rib syndrome, there was sympathetic or plexal pain, due 
to compression of microscopic nerves, relieved by removal of the anomalous joint. This 
hypothesis was proved true by the production of pain by compression of the coracoid tip 
and by analgesia after local anaesthesia. 

In our first case, no other cause of pain was found and only the anomalous joint 
could be held responsible. It is possible that this joint hinders the free motion of the 
shoulder, especially when the patient’s work involves heavy labor, as in our case. The 
roentgenogram does not show articular impairment, but, as the patient is thirty-seven 
years old, it is probable that he would be subject to the future development of osteo- 
arthritis of the shoulder, as mentioned by Possati. 
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DISCUSSION 
INTERNAL FIXATION FOR LUMBOSACRAL FUSION 
(Continued from page 565) 


Dr. W. H. von Lackum conceived the same idea about one year later, and it has been employed by him and 
by other members of the staff of the New York Orthopaedic Hospital since then. More than two hundred 
fusions with the use of screws have been done. 

The application of this method is limited, of course, to the lumbar spine. In fusion of the fifth lumbar 
vertebra to the sacrum, the results have been excellent. The comfort of the patient after operation and the 
avoidance of the necessity for external support alone have justified it. It has been possible to get the patients 
out of bed at the end of two weeks, and the subsequent convalescence has been greatly speeded. 

When the fourth lumbar vertebra or any additional vertebrae were added to the fusion, the results were 
much less favorable. Instead of 92 per cent. success in obtaining bony fusion, the figure fell to 50 per cent. 
This was due in part to the notorious difficulty in bringing about a fusion of this joint as compared with the 
lumbosacral, which we encountered before the use of screws. It is true, also, that the introduction of screws 
into the laminae limits the amount of bone which can be stripped from them in doing the Hibbs operation. 
This necessitates the use of large quantities of additional bone, which we obtain from the patient’s ilium or 
from the bone bank. In many cases an adequate amount of bone can be obtained from the sacrum when the 
fifth lumbar vertebra alone is fused, but not when the fourth is added. Failure to employ enough bone may 
account for some of our failures. We believe, also, that placing a wafer of bone in each joint space, after 
removal of the articular cartilage, helps in securing a fusion of the lateral articulations. The point to be 
emphasized is that one should not rely upon the screws alone, which afford only temporary support. In the 
light of our present experience, we have decided to apply a plaster jacket with double spica in all cases in 
which the fusion extends above the fifth lumbar vertebra, and are not sure that it might not be advisable to 
omit the screws from the joints above the level of the fifth vertebra. The screws have been found particu- 
larly useful, however, in cases of spondylolisthesis, in firmly securing the loose arch of the fifth lumbar 
vertebra to the sacrum, although this method does not bridge the defect in the laminae. 

Deep infections occurred in three cases, but in only one was it necessary to remove the screws. In the 
others they did not become loose and fusion took place. 

Dr. King deserves much credit for devising this simple and effective method which does so much to lessen 
the discomfort and shorten the convalescence after lumbosacral fusions. 
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BONE AND CARTILAGE DEBRIS IN THE SYNOVIAL MEMBRANE 
Its SIGNIFICANCE IN THE Earty DIAGNosIs oF NEURO-ARTHROPATHY* 
BY THOMAS HORWITZ, M.D., NEW YORK, N. Y. 
From the Laboratory Division**, Hospital for Joint Diseases, New York City 


This paper is devoted to the significance of the anatomical finding of bone and carti- 
lage debris (detritus) in the synovial membrane as a possible indicator of the early evolu- 
tionary stage of neuropathy of a joint, notably in cases in which the clinical and roentgeno- 
graphic findings, at least as far as the joints are concerned, are still those of an osteo- 
arthritis. Attention will be focused specifically on five cases with involvement of the knee 
joint. In three of these, the diagnosis of neuro-arthropathy was first suggested by the re- 
sults of histological examination of excised synovial membrane. In the other two, while 
there was some clinical evidence in favor of neuro-arthropathy, the diagnosis was sub- 
stantiated by the pathological findings. 

The anatomical findings in these five cases were controlled by a study of the synovial 
membrane from nineteen cases of fully evolved neuro-arthropathy of various joints (es- 
pecially the knee), and thirty cases of synovitis and arthritis of the knee joint, clearly not 
having a neuropathic basis. These thirty cases included twelve with osteo-arthritis (de- 
generative arthritis), nine with rheumatoid arthritis (chronic inflammatory polyarthritis), 
and nine with one or another of various other articular lesions, such as intermittent 
hydrarthrosis or chronic synovitis with osteochondral bodies. 

The significant pathological finding in the five cases of early tabetic arthropathy was 
the presence of cartilage and bone debris which had evidently been ground into the syn- 
ovial membrane and subsynovial tissue, and occasionally into the articular cartilage. 
On the other hand, a survey of the pathological material removed from the knee joints 
of the thirty patients without neurological disease revealed similar findings in only two 
instances, and in both of these advanced degenerative arthritis was present. Although the 
blood Kahn and Kline tests were reported as positive in one of these two, there was no evi- 
dence of neurosyphilis to account for the articular changes in this case. This feature (bone 
and cartilage debris ground into the substance of the synovial membrane and underlying 
tissue), which is evident even in the earliest phases of evolution of neuro-arthropathies 
in some cases, before clinical and roentgenographic evidence is demonstrable —is indige- 
nous to all neuropathic joints, for it was manifest also in the pathological material from 
the nineteen cases in the more advanced stages of evolution (Figs. 1-C, 2-C, 3-C, and 5-A). 
However, its occurrence in an occasional case of advanced degenerative arthritis indicates 
that it is not absolutely specific to neuropathic joints (Fig. 5-B). 

A review of the records of the five cases of early tabetic (Charcot) arthropathy with 
which this study is specifically concerned reveals the difficulties entailed in diagnosis at this 
stage, even when the available information-—history, physical examination, laboratory 
data, and roentgenograms--has been critically evaluated; and it emphasizes the signifi- 
cance of the pathological findings in each instance. 


Case 1. A fifty-year-old man entered the Hospital for Joint Diseases because of a painful swelling of 
the left knee, of ten months’ duration. There was no history of injury. He had had a primary syphilitic lesion 
a number of years before. The knee demonstrated marked effusion, coarse crepitation, and limited motion, 
The blood Kahn and Kline tests were reported as negative. The Romberg sign was negative; the ankle and 
knee jerks were absent; and sensation to touch in the lower extremities was diminished. Roentgenograms 


* Work done under a Frederick Brown Research Fellowship in Orthopaedic Surgery. 
** Henry L. Jaffe, M.D., Director. 
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of the knee joint showed some marginal bony lipping and an intra-articular effusion with synovial thickening 
(Figs. 1-A and 1-B). A synovectomy and lateral meniscectomy were performed. 





Fig. 1-A Fig. 1-B 


Case 1. Anteroposterior and lateral roentgenograms of the left knee at the time of first admission 
show slight marginal bony lipping and indications of an intra-articular effusion with synovial thick- 
ening. There are no features suggestive of a neuro-arthropathy. 





Fic. 1-C 


Fig. 1-D 

Fig. 1-C: Microscopic section (X50) of synovial tissue, removed at first operation, shows the pres- 
ence of bits of cartilage and bone detritus ground into the substance of the synovial membrane. 
Several islands of cartilage and bone metaplasia are present. 

Fig. 1-D: Microscopic section (X30) of an area of villously hypertrophied synovial membrane, 
demonstrating dilatation of numerous vascular channels and considerable round-cell infiltration; 
this appears in areas as focal collections, some of which are perivascular. This feature has been re- 
ported by Allison and Ghormley as specific to rheumatoid arthritis. 
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Fig. 2-A Fig. 2-B 


Case 2. Anteroposterior and lateral roentgeno- 
grams of right knee show marginal bony prolifera- 
tion, narrowing of the joint space, and indications 
of intra-articular effusion with synovial thickening. 
There is a suggestion of sclerosis of the lateral 
femoral condyle and of very slight lateral displace- 
ment of the tibia, but these findings have signifi- 
cance only in retrospect, for the neurological exam- 
ination and blood serological tests were negative at 
this time. 


Fig. 2-C: Microscopic section of synovial mem- 
brane (X30) shows numerous spicules of bone and 
calcified cartilage debris, ground into the subsyno- 
vial tissue. Several islands of cartilage and bone 
metaplasia are also present. 


The pathologist reported the presence, in 
some of the excised material, of bits of cartilage 
and bone detritus within the substance of the 
synovial membrane, and suggested the possibility 
of a Charcot arthropathy (Fig. 1-C). 

The patient was readmitted two years later 
with some pain, marked swelling, and instability 
of the left knee, and roentgenographic evidence 
of progressive joint disintegration. Tissue removed 
at a second operation showed the progressive de- 
struction of all the articular components which is 
characteristic of a  well-advanced neuro-arthro- 
pathy. 





Comment: Despite a history of syphilis 


Fig, 2-C 


and equivocal neurological findings, the 

diagnosis of a neuropathic joint, suggested by the pathologist, did not at first appear 
to be sustained; but it was upheld by the clinical, roentgenographic, and pathological 
evidence two vears later. 


Case 2. A man, fifty-one years old, slipped and injured his right knee, which became swollen and 
painful. Two neurological examinations during the ensuing months of his continued disability revealed 
nothing remarkable. The roentgenograms of the knee joint (Figs. 2-A and 2-B) were interpreted 
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Case 3. Anteroposterior and lateral roentgeno- 
grams of right knee, taken just before syno- 
vectomy. There is marginal lipping, intra-articu- | 
lar effusion, and synovial thickening. This was 
reported as an instance of osteo-arthritis. The : 
sclerosis of the medial femoral condyle and the 
slight periostitis of the distal portion of the shaft 
of the femur are significant only in retrospect, in 
view of the negative blood and _ spinal-fluid 
serological tests and the normal neurological | 
findings at this time. (The illustration for Fig. 
3-B has been reversed. ) ( 
Fig. 3-C: Section (X30) demonstrating small 
fragments of calcified cartilage and bone within 
the synovial tissue, round-cell infiltration, and 
vascular dilatation. 
as demonstrating early osteo-arthritis. At the 
end of nine months, the appearance of slight 
lateral instability of the right knee joint and 
of altered pupillary reflexes suggested to one 
of the examining physicians the possibility of /' 
a neuropathic joint. The patient entered the 
FPospital one month later for surgical fusion 
(which has failed to take place). At that time 
the blood Kahn and Kline tests were reported 
as negative, and the spinal-fluid Kahn test as | 
weakly positive (2 plus). The roentgenographic | 
features of a neuro-arthropathy—synovial thick- ) 
ening, eburnation of the bone ends, free bone 
Fig. 3-C fragments in the joint cavity, and periostitis at : 
the distal end of the femur—were evident. . 
Study of the synovial membrane removed at operation showed, in many areas, bits of bone and cartilage | 
ground into it. There were also some fragments, representing nidi of bone formation (metaplasia) (Fig. 2-C). 
Comment: A neuropathy of the joint, in its incipient stage, may manifest itself long | 
béfore any abnormal neurological findings become evident. In this case the neurological : 
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and roentgenographic evidence ‘“‘matured”’ under the observation of several competent 
examiners, and the possibility of a neuro-arthropathy was considered only nine months 
after the onset of joint symptoms. This evidence was sustained by the results of histological 
study of the synovial membrane. 


Case 3. A man, fifty-two years old, injured his right knee in a fall, six weeks before he came to the 
Hospital. The knee was swollen and moderately painful, and there was lateral instability of the fully extended 
knee. Serological tests of the blood and spinal fluid were reported as negative. The neurological examination 
vielded normal findings. A synovectomy and excision of the medial and lateral menisci were performed; 
a mild postoperative infection ensued. 

The pathologist at the Hospital, observing bone and cartilage detritus ground into the synovial mem- 
brane, suggested the possibility of a Charcot arthropathy (Fig. 3-C). 

At the present time, four and one-half years later, the patient admits that he has a history of syphilitic 
infection; certain abnormal neurological signs—a positive Romberg sign and Argyll Robertson pupils—are 
present. Fis reflexes and sensation are still normal. The original roentgenograms have demonstrated the 
features of an early neuropathy of the joint only in retrospect, and were not so reported originally. They 
show some effusion, very early bone condensation, and slight periostitis (Figs. 3-A and 3-B). Solid bony 
fusion has occurred in the knee which was operated upon. 


Comment: Although the early clinical and roentgenographic evidence in this case 
Was not interpreted as indicating the presence of a neuropathic joint, the pathologist 
suggested this diagnosis on the basis of the histological study of the synovial tissue. This 
was upheld four and one-half years later when the patient, admitting a past syphilitic 
infection, demonstrated the features of early tabes dorsalis. 


Case 4. A woman, sixty-three years old, was admitted to the Fospital with a diagnosis of hyper- 
trophie arthritis of the right knee joint, for the purpose of a synovectomy. Pain and recurrent swelling had 
followed an injury, eighteen months previously. During the interim, she had received physiotherapy and 
non-specific protein injections and had had repeated aspirations of the knee-joint fluid. The earlier roent- 
genograms were reported as showing advanced osteo-arthritis. The blood Wassermann and Kahn tests were 
reported as negative; the spinal fluid was not examined. The results of the neurological examination were 
considered to be negative (intern’s note). On admission to the Hospital the knee was quite sensitive; motion 
was restricted and painful; and there was marked crepitus and some lateral instability of the fully extended 
knee. The roentgenograms then showed changes—moderate effusion, osteosclerosis, free bone fragments, 
narrowed joint space, and slight anterolateral luxation of the tibia—-which suggested the possibility of a 
Charcot arthropathy. A fusion operation was performed, but the patient died of cardiac failure, one month 
later. 

Microscopie sections of the tissue which had been excised in the course of the arthrodesis showed pro- 
nounced osteo-arthritic changes in the bone ends. In some areas, however, the synovial membrane revealed 
bits of bone detritus embedded in the membrane. The capsule was thickened and, in places, demonstrated 


islands of fibrocartilaginous tissue (metaplasia). 


Comment: The roentgenograms assumed features suggestive of a neuropathic joint 
only after ten months of observation, during which period the diagnosis was not suspected. 
The impression of neuro-arthropathy was sustained by the pathological findings. A review 
of the records reveals that no significance was attached to the fact that the patient had 
admitted having been treated for syphilis and that she had had eight miscarriages. 


Case 5. A man, fifty-seven years old, sustained an injury to the right knee in 1940. Pe was a known 
syphilitic, having received specific antisyphilitic therapy for the preceding four years. Four months after 
his injury a synovectomy was performed, with removal of a partially detached medial meniscus. Three years 
later, because of continued pain and disability, a second arthrotomy was performed, at which time the lateral 
meniscus was removed. In 1946 he was readmitted because of continued pain and disability in the right knee, 
and specifically for surgical fusion. There was limitation of motion, but no preternatural mobility of the 
affected joint. Kahn and Kline tests of the blood and spinal fluid were reported to be strongly positive. The 
neurological picture at that time was that of an “incomplete tabes dorsalis”? (Argyll Robertson pupils, absent 
knee and ankle jerks). The roentgenograms were reported as showing advanced osteo-arthritis with free 
osteochondral bodies in both knees (Figs. 4-C and 4-D). 

The histological study of tissue excised at the time of arthrodesis revealed tiny, scattered bony frag- 
ments ground into the synovial membrane, and the pathologist suggested that these might be the early 
expression of a Charcot arthropathy. 
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Comment: In this patient, with neurosyphilis and painful disability of both knee 
joints, more marked on one side, after an injury, the clinical and roentgenographic features 
were those of osteo-arthritis (Figs. 4-A, 4-B, 4-C, and 4-D). The diagnosis of a Charcot 
arthropathy was suggested from the pathological findings, and the postoperative care of 
this patient was conducted with this in mind. Failure of fusion and progressive osteo- 





Fig. 4-A Fia. 4-B 
Case 5. Anteroposterior and lateral roentgenograms of right knee, taken in 1941, show marginal 
lipping, narrowing of the joint space, several osteochondral bodies (the one directly posterior to the 
femoral condyle is probably a fabella), and synovial thickening. There is nothing to suggest the 
presence of a neuro-arthropathy. 





Fig. 4-C Fig. 4-D 
Roentgenograms of the right knee, taken in 1946, demonstrate advanced marginal lipping and 
joint narrowing, and hypertrophy of the free bodies. The appearance of osteosclerosis of the distal 
end of the femur and of the proximal end of the tibia, slight lateral displacement of the tibia, and 
some compression of the outer lip of the lateral tibial condyle may be interpreted as evidence of 
early neuropathy of the joint, although such changes are readily demonstrated in moderately ad- 
vanced stages of osteo-arthritis. 
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Fig. 5-A Fig. 5-B 





Fig. 5-A: Section of synovial membrane removed from the right knee of a man, fifty-one years 
old, at the time of surgical fusion. Patient presented positive blood Kahn and Kline tests, and clini- 
cal and roentgenographic evidence of a well-advanced tabetic arthropathy. Since then, evidence has 
developed of neuro-arthropathy in one wrist joint and in the opposite knee joint. 

Section (X30) shows the presence of bits of cartilage and bone debris on the surface of and within 
the synovial membrane. Several islands of cartilage and bone metaplasia are also present. These 
changes were widespread throughout all the histological sections. On the other hand, in the early 
stages of a neuro-arthropathy, a large number of sections may have to be studied in order to disclose 
this finding (see Figs. 1-C, 2-C, and 3-C). 

Fig. 5-B: Section of synovial membrane from a painfully swollen right knee in a male, forty-nine 
vears old, at the time of synovectomy and meniscectomy. Patient presented normal stability of the 
knee joint and normal neurological and laboratory findings; and the roentgenograms of the knee 
joint disclosed a moderately advanced osteo-arthritis with several osteochondral bodies. 

Microscopic section (X30) shows cartilage and bone debris ground into the sub-synovial tissue, 
changes which suggested the possibility of an early neuro-arthropathy. This suspicion was not sus- 
tained in a clinical and roentgenographic follow-up study, two years after operation. 


sclerosis of the bone ends appear in keeping with a diagnosis of neuro-arthropathy rather 
than with that of degenerative arthritis, in a patient with neurosyphilis. 

DISCUSSION 
Diagnosis 

These cases illustrate the difficulties in the early clinical and roentgenographic diag- 
nosis of Charcot’s arthropathy. Even when the available findings are evaluated critically, 
the diagnosis may remain in doubt or be overlooked. The neurological examination has 
been considered the most constantly reliable of all this evidence in the establishment of 
the diagnosis of neuro-arthropathy™'*!". 

A history of syphilitic infection or of specific antisyphilitic therapy was obtained in 
only 70 per cent. of the twenty-four cases in this study. Pain was often the predominant 
symptom, although, in the later stages of evolution of the neuro-arthropathy, it was not 
so intense as one would expect in view of the extent of joint destruction. Serological tests 
for syphilis were helpful in less than 50 per cent. of the cases. Those roentgenographic 
features which are characteristic of neuro-arthropathies may not be evident in the earlier 
stages of evolution. In the five cases recorded here the early roentgenograms were not 
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helpful, although in two of these the later roentgenograms assumed more characteristic 
features and assisted in clarifying the diagnosis. 


Pathological Findings 

The descriptions of proliferative and degenerative, or of benign and malignant, types 
of neuro-arthropathy which appear in the literature are superfluous, since these processes 
appear simultaneously or progressively in the same joint and represent different stages 
of repair and destruction. Such progressive changes were demonstrated in the material 
from several patients in this study, where more than one arthrotomy had been performed 
prior to clarification of the true nature of the joint disability. 

The detailed pathological descriptions appearing in the literature? 5% !0 '%\4.1 
have focused attention on the lesion in the more advanced stages of evolution, 
that is, degeneration of articular cartilage, reactive phenomena in the revivified subchon- 
dral region, severe disruption at the cartilage-bone juncture, and the stimulus to ossifica- 
tion at the margins of the joint and in the peripheral soft tissues. The synovial membrane 
may be thickened and villously hypertrophied and may even demonstrate considerable 
infiltration of round cells, collections of which closely resemble the focal collections re- 
ported as specific to the proliferative (rheumatoid) type of arthritis (Fig. 1-D). 

The most striking pathological feature, manifest even in the earliest phases of evolu- 
tion of a neuro-arthropathy, consists of the presence of collections of bone debris and bits 
of cartilage, ground into the synovial membrane and subsynovial tissue (Figs. 1-C, 2-C, 
and 3-C). In the earlier cases, a large number of representative histological sections from 
the synovial and capsular tissues may have to be surveyed in order to disclose this feature; 
it was demonstrated in every case of neuro-arthropathy in this series. The amount of 
detritus appeared proportionate to the degree of disruption of the remaining components 
of the affected joint, and to the severity or stage of evolution of the neuro-arthropathy and 
of its underlying neurological disturbance (Fig. 5-A). Its presence suggests a pathogenesis 
on the basis of debris formed through the erosion of articular cartilage and subchondral 
bone, which has been ground into the articular soft tissues by continued weight-bearing 
on a joint less sensitive than it would normally be ®?. 

This partially necrotic bone and cartilage detritus should not be confused with ex- 
pressions of fibrocartilaginous and osseous metaplasia which may also be evident in the 
synovial and periarticular soft tissues in these cases, but which is likewise found frequently 
in cases of degenerative arthritis and particularly in cases of chronic synovitis, charaec- 
terized by multiple osteochondral-body formations. That syphilis itself is not a factor is 
indicated by the absence of bone and cartilage debris in the synovial membrane from 
a case of syphilitic gonitis and from two cases of advanced degenerative arthritis with 
strongly positive blood serological reactions. This feature is not to be confused with the 
observation of occasional osseous fragments, lying isolated within a collection of infected 
granulation tissue in cases of tuberculous or pyogenic arthritis, and obviously the result 
of direct invasion and destruction of bony trabeculae. It should likewise not be confused 
with the occasional bone fragment, found free in the soft tissues in some cases of osteo- 
chondral fracture. However, necrotic bone debris may be found in cases of extensive 
aseptic necrosis of the bone (namely, of the femoral head) within the capsular synovial 
membrane, at or close to the capsulo-articular juncture. However, in these cases the total 
clinical and anatomical picture presents no problems of interpretation. 


Treatment 

Since patients presenting the earlier phases of a neuro-arthropathy may be subjected 
to surgery under the mistaken impression of the presence of a ‘‘non-descript degenerative 
arthritis’, ‘‘chronic synovitis’, or “‘internal joint derangement”’, the pathologist may 
‘be the first to suggest the possibility of a neuro-arthropathy or to substantiate the clinical 
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impression that such a condition is present. This is illustrated in the five cases reported 
here. On the basis of such a pathological analysis, the clinical survey should be intensified 
or the patient should be followed carefully for progressive clinical and roentgenographic 
developments; or, if the pathologist’s impression appears sustained by other evidence, the 
affected joint should be protected adequately or subjected to definitive surgery. In ad- 
dition, this pathological finding of imbedded bone and cartilage debris should place the 
surgeon on guard as to after-care and prognosis. 

The results of surgical therapy directed at stabilizing neuropathic joints have been 
uniformly poor. This is brought out incidentally in the present study. Fusion operations 
on the knee joint failed in ten of twelve instances, while all other reconstructive procedures, 
including synovectomy and débridement, were entirely fruitless; all fusion operations on 
the hip joint failed (three cases); amputation was necessary in the two instances of Char- 
cot’s foot with malum perforans pedis and complicating osteomyelitis and in one case of 
Charcot’s disease of the ankle joint. 

Although the knee joint has been considered the most adaptable articulation for 
stabilization by arthrodesis, successful fusions of this joint, when it has been the site of 
a neuro-arthropathy, have been sufficiently infrequent to warrant their report * 45!) 17, 
It is possible that many of the failures to secure bony union, despite the use of acceptable 
techniques, which have included joint excision, massive bone grafts, and rigid internal 
fixation, have been related directly to the fact that, in moderately advanced and especially 
in well-advanced neuro-arthropathies, the osseous components of the articulation are 
involved for a considerable distance from the articular surfaces, and thus may exceed the 
bounds of usual joint resection. For this reason, perhaps better surgical results may be 
anticipated if the diagnosis of neuropathic joints can be made in their earliest evolutionary 
stage. 

CONCLUSIONS 

The observation of bone and cartilage debris ground into the synovial membrane 
appears to have diagnostic value in the early evolutionary stages of neuro-arthropathy 
in cases wherein the clinical and roentgenographic features are equivocal, being still those 
of an osteo-arthritis. This feature served as the basis for the diagnosis by the pathologist 
of neuro-arthropathy in its earlier stage of evolution in five patients, three of whom pre- 
sented no other evidence of such a lesion; in the other two cases, the clinical and roent- 
genographic evidence was equivocal. It has been a constant finding in the pathological 
material from all patients with neuropathic joints. Furthermore, the amount of bone 
and cartilage detritus appeared proportionate to the degree of disruption of the remaining 
components of the affected joint, and to the stage of evolution of the neuro-arthropathy 
and of its underlying neurological disease. However, since, in a control group of thirty cases 
with operable lesions of the knee joint, it was also found in the material from two cases 
of advanced degenerative arthritis of the knee joint without a neurogenic basis, one 
must conclude that the observation of imbedded debris, while highly suggestive, is not 
altogether specific to the neuro-arthropathies. 

The pathogenesis appears to be based on the formation of debris through the erosion 
of articular cartilage and subchondral bone, which has become ground into the articular 
soft tissues by continued weight-bearing on a joint less sensitive than a normal joint. 


REFERENCES 
1. ALLISON, NATHANIEL, and GHorMLEY, R. K.: Diagnosis in Joint Diseases. A Clinical and Pathological 
Study of Arthritis. New York, William Wood and Co., 1931. 
2. Bartu: Histologische Knochenuntersuchung bei tabischer Arthropathie. Arch. f. Klin. Chir., 69: 174- 


180, 1903. 
3. Boswortn, D. M.: Knee Fusion by the Use of a Three-Flanged Nail. J. Bone and Joint Surg., 28: 550- 


554, July 1946. 


VOL, 30-A, NO, 3, JULY 1948 








588 THOMAS HORWITZ 


4. CLEVELAND, Maruer: Fusion of a Knee Joint in Charcot’s Disease. Report of a Case. J. Bone and 
Joint Surg., 17: 1031-1034, Oct. 1935. 

5. CLEVELAND, MaTuer, and Smiru, A. DeF.: Fusion of the Knee Joint in Cases of Charcot’s Disease. 
Report of Four Cases. J. Bone and Joint Surg., 13: 849-855, Oct. 1931. 

6. Corstn, K. B., and Hinsey, J. C.: Influence of the Nervous System on Bone and Joints. Anat. Rec., 75: 
307-317, 1939. 

7. E.vorsser, Leo: On the Nature of Neuropathic Affections of the Joints. Ann. Surg., 66: 201-207, 1917. 

8. Henperson, V. E.: Joint Affections in Tabes Dorsalis. J. Pathol. and Bacteriol., 10: 211-264, 1904-1905. 

9. Kawamura, K.: Beitrag zur tabischen Osteo-Arthropathie. Deutsche Ztschr. f. Chir., 115: 368-406, 
1912. 

10. Knaaas, R. L.: A Report on the Strangeways Collection of Rheumatoid Joints in the Museum of the 
Royal College of Surgeons. British J. Surg., 20: 425-443, 1933. 

11. Lapipus, P. W.: A Few Points Concerning Operative Fusion of Charcot Knee. Report of a Case. Bull. 
Hosp. Joint Diseases, 6: 33-40, 1945. 

12. McCautey, J. C.: Operative Treatment of Neurotrophic Joints. Urol. and Cutan. Rev., 44: 592-594, 
1940. 

13. Moritz, A. R.: Tabische Arthropathie. Histologische Studie. Virchow’s Arch. f. Path. Anat., 267: 746 
855, 1928. 

. Nicuous, E. H., and Ricuarpson, F. L.: Arthritis Deformans. J. Med. Research, 16: 149-222, 1909. 

15. PomeRANz, M. M., and Roruperg, A. 8.: A Review of 58 Cases of Tabetic Arthropathy. Am. J. Syph. 
Gon., and Ven. Diseases, 25: 103-119, 1941. 

16. Porrs, W. J.: The Pathology of Charcot Joints. Ann. Surg., 86: 596-606, 1927. 

17. Soro-Hauu, Raureu: Fusion in Charcot’s Disease of the Knee. A New Technic for Arthrodesis. Ann. 
Surg., 108: 124-126, 1938. 

18. Soro-HAu., Raupu, and HatpemaAn, K. O.: The Diagnosis of Neuropathic Joint Disease (Charcot Joint ). 
An Analysis of Forty Cases. J. Am. Med. Assn., 114: 2076-2078, 1940. 

19. STeEINDLER, ARTHUR: The Tabetic Arthropathies. J. Am. Med. Assn., 96: 250-255, 1931. 


DISCUSSION 
Muscutar Torticouuis 
(Continued from page 569) 


I am willing to learn. As far as I can remember, where torticollis has been discovered before the child was 
four weeks of age, and where muscle stretching has been properly carried out, there has been no case that did 
not result in a complete cure. I feel it is our duty to keep the obstetricians and pediatricians constantly on 
the alert to discover this condition, so that it may have immediate attention. 


Dr. J. ALBERT Key, St. Louis, Missouri: I would like to protest against operating upon these children 
until they are at least two years of age, and until one is sure they are going to need surgery. I think nearly 
all of these tumors disappear if left alone. I have not applied a cast after operation for torticollis for over 
fifteen years, and I have been careful to try to completely correct the deformity at the operation. This is 
done by lengthening the muscle rather than by resecting. The clavicular portion is separated from the sternal 
portion, which is high in the neck. The clavicular portion is then removed from the clavicle, and the two are 
sutured end-to-end as in a ‘‘Z”’ lengthening of a tendon. 


Dr. J. 8. SPEED, Memputs, TENNESSEE: I cannot let this paper go by without a short discussion to 
corroborate the findings Dr. Chandler has brought before you. We have very carefully watched our patients, 
and have operated upon six who were two months old and two who were three months old. The microscopic 
and pathological findings were identical with those Dr. Chandler has described. I am not at all satisfied with 
the explanation about the etiology. 

As to the appropriate time for operation, I believe our enthusiasm has stimulated operation in two o1 
three weeks. On the other hand, I think six weeks is preferable; by then you will know whether the lesion is 
going to be absorbed spontaneously or not. I believe this is the optimum time for operation. 

I think Dr. Chandler’s article is a very definite contribution to the study. 


Dr. Fremont A. CHANDLER (closing): There must be a large number of these cases. If in my limited 
experience I can see 225, the number of cases seen by the men in this room should run into many thousands. 

The venous supply is abundant, and during the operation there is bleeding from all directions. The arte- 
rial supply is more zonal in character. The anastomosis is abundant, even in some portions of the tumor 
itself. 
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BONE AND JOINT CHANGES IN HEMOPHILIA 


Wiru Report or Cases OF So-cALLED HEMOPHILIC PSEUDOTUMOR* 


BY RALPH K. GHORMLEY, M.D., ROCHESTER, MINNESOTA 


Section on Orthopaedic Surgery, Mayo Clinic 


AND REED 8. CLEGG, M.D., ROCHESTER, MINNESOTA 


Fellow in Orthopaedic Surgery, Mayo Foundation 


The changes seen in the joints of persons affected by hemophilia are familiar to 
members of the medical profession. In addition, changes may be seen in the shafts of the 
long bones in some cases of hemophilia. Such changes are seen much less frequently than 
are the joint changes and, in the authors’ experience, are more severe and result in disaster 
in most instances. Various authors have stated their opinions regarding the frequency of 
joint changes in hemophilia. Lyon-Smith reported that, in 70 per cent. of his hemophilic 
patients, hemarthrosis developed before the age of two years. In more than 78 per cent. of 
the patients followed by Thomas, joint symptoms developed, usually during childhood; 
and in some of the remainder the joints were affected later. In a series of seventy-six pa- 
tients with hemophilia examined at the Mayo Clinic, forty-four or 58 per cent. showed defi- 
nite evidence of pathological changes in the bones or joints. (There were in the files 150 
cases in which a diagnosis of hemophilia had been made in the years 1920 to 1939, inclusive. 
Each patient inthis series was graded as 1, 2, or 3 on the basis of (a) a history of hemophilia 
among relatives and (b) clinical and laboratory evidence of hemophilia. Only those patients 
with ratings of 2 or 3—that is, those with definite evidence of hemophilia—are included in 
this series.) 

All of the forty-four patients in this series in whom pathological changes developed 
in the bones and joints were males. Their average age was 17.3 years. When first seen here, 
thirteen patients were younger than ten years; twelve ranged from ten through nineteen 
vears; ten, from twenty through twenty-nine years; five, from thirty through thirty-nine 
vears; and four, from forty through forty-nine years. The average age is fairly high, be- 
cause the majority of these patients presented themselves during the chronic stages for 
treatment of complications. The known age at the onset of hemarthrosis ranged between 
four months and thirty-five years, the average being about seven and one-half years. 

Table I shows the joints first involved in thirty-nine of the forty-four patients, and 
Table II shows the comparative frequency of involvement of the individual joints. It is 
obvious that weight-bearing joints were involved more frequently than non-weight- 
bearing joints, and the knee was involved about twice as often as any other joint. Of 
the forty-four patients with hemarthrosis, ten or 23 per cent. had single joints involved, 
while thirty-four or 77 per cent. had multiple joints involved. 

Six patients with unusual bone changes were included, five of whom were known to 
have hemophilia; one had some type of blood dyscrasia or hemorrhagic diathesis which 
Was never positively diagnosed. The extensive changes found in the joints are familiar to 
those interested in hemophilia, but our experience has led us to believe that the bone 
changes, such as those seen in these cases, are much less frequent and are less familiar to all 
interested in the disease than are the changes in the joints. Previous reports in the litera- 
ture of cases with extensive bone changes, similar to those to be reported here, are as fol- 
lows: 

Starker is credited by Echternacht with being the first to describe such a lesion. 


* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, June 
27, 1947. 
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TABLE I 


Primary JOINT INVOLVEMENT IN Forty-FouR CAsEs OF HEMOPHILIA 
WITH BONE AND JOINT CHANGES 
No. of Cases 


Location 


ee a bBo IE One Ra eee ye ps ate oa eae 23 

Right 15 

Left S 
hh Mea ai ae a ada ae a a a ad nat art 6 
Elbow . a Shai ese oe A as en eee ne eee 4 
| Ee err are ; Aca hes Milton = oeot  e 3 
Wrist. ... LE en Foe nT er ee l 
Patella 1 
Phalanx. l 
» 


Not given 
Total . Sera eae De an Oe eae Rt tee a aA ee eT a 


In Starker’s case of hemophilia, a large tumor of the right thigh had developed; this was 
probed and a considerable amount of blood was evacuated. The patient died ten days 
later, and Echternacht quotes from the postmortem notes: ‘‘There was erosion of the 
cortex and spongiosa beneath the hematoma at the lower end of the femur. Calcified 
connective-tissue strands extended from the cortex to the elevated periosteum on the 
anterior surface. Histologically no evidence of neoplasm was seen.”’ 

Reinecke and Wohlwill reported extensive subperiosteal hemorrhages in a man, aged 
twenty-seven years, with hemorrhage into the knee. The disease ran a variable course, 
but the patient died after three months in the hospital. A complete report of the post- 


mortem findings was given. Roentgenograms showed erosion of the bone, ‘‘as seen in cases 
of aneurysm against vertebrae or sternum’’. The diagnosis at necropsy, as translated, was: 
‘‘Hemarthrosis of the right knee. Bone erosion on the medial condyle of the femur and 
tibia, new and old subperiosteal bleeding, anaemia, acute lung emphysema. Streptococ- 
caemia.”’ An excerpt from the extensive description of the microscopic findings is as follows: 
‘Surprising is the picture of the surface of the cortex. Here we see nowhere a continuous, 
compact bony layer. At the upper and lower edges of the hematoma, as well as where the 
periosteum is still attached and where it is lifted up by hematoma, we find numerous bone 
spicules, at times surrounded by osteoblasts, attached to the bone, and between them cellu- 
lar bone marrow, here and there still containing some pigment cells. The border between 
this new-bone formation and the old cortex is not a smooth surface, but the spongy spicules 
are attached irregularly to the cortex and also irregularly enter cellular marrow spaces into 
the cortex. 

“Tn the region in which the hematoma lies directly on the bone one can see how the 
blood, or rather the granulation tissue formed from the blood, has perforated the surface 
of the bone and entered into it. A few bone fragments have been separated by this process 
entirely and become necrotic. Around these lost fragments, as well as the ones still con- 
nected with the cortex, one finds giant cells with lacuna formation by erosion.”’ * 

Firor and Woodhall presented a case of a white boy, sixteen years old, with pain and 
swelling of the right thumb of eighteen months’ duration, which they believed ‘‘to repre- 
sent the end stage of a traumatic hemarthrosis of hemophilic origin in a small articulation ”’. 
Their case is similar to Case 4 of this series. 

Becker reported two cases of so-called resorption tumors which he also called hemo- 
philic pseudotumors. One of these lesions had afflicted a man, fifty-one years old, of a 
family known to have a tendency to hemorrhage. A few years before he had been kicked 

* Translation by Dr. A. R. Pils. 
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TABLE II 


FREQUENCY OF JOINT INVOLVEMENT IN FortTy-FOoUR CASES OF HEMOPHILIA 
WITH BONE AND JOINT CHANGES 


Location No. of Cases 
eee ee a eee ee ae oe oe ae Sen WO a 45* 
id wai ad ah ig to tS ace shia wets ptr saad oo: OIODS So a Nc ee 28 
Ankle... .. is sb ahr nln babe dele dias seb 2t-5e Rein 5 dhaplteceras wae ea Dabratae alana 26 
| A rere ny Re SOF ee Ree eee eT 13 
ian ei Riana. aint a ti nse naar tre eee hebadca t yten sania cin wha eseck whee 8 
ee ae ave ee er ee 5 
EES are ae ee ee ee ee Se ee ee ae 4 
PROIOME. ......k 5. 3 
ee Lan (nine Red ORAS CATR AERSSS 8A N ede ED l 


* In some cases both knees were involved. 


in the thigh by a horse. This had been followed by the development of a large hematoma. 
Within nine months a tumor appeared and enlarged slowly. Exploratory operation was 
performed. A tumor was found, involving the muscle and extending down to the femur. 
The patient died thirteen days after operation, of tetanus. A translation of the pathologist's 
report on the tissue was “proliferation of fibrous tissue containing blood pigment, next to 
foreign-body giant cells, and granuloma formation around foci of hemoglobin as well as 
lipoid-containing cells’’.* A second case involved a man of twenty-three years, known to 
have hemophilia, who had a gradual swelling of the thigh. Needle biopsy was followed by 
severe bleeding. The roentgenogram showed a well-defined radiopaque mass, distal to the 
lesser trochanter. The cortex appeared to be ruptured, as would occur in periosteal sarcoma. 
Biopsy of a node from the inguinal region revealed many pigment-containing cells, but 
nothing else. 

Echternacht reported the case of a white boy, thirteen years old, who was a known 
hemophiliac with a history of repeated hemorrhages into various joints. He was finally 
admitted with a painful swelling of the anterior surface of the left tibia, just below the knee. 
This had followed a slight injury, three months previous to admission. Roentgenotherapy 
and transfusions failed to arrest the enlargement of the tumor, and an exploratory opera- 
tion revealed an extensive hematoma. No neoplastic tissue was found. Finally a disarticu- 
lation through the knee was performed and death ensued. The specimen showed “large 
subperiosteal hematoma with massive necrosis of the underlying bone and necrosis and 
infection of the overlying skin”’. 

Among the six patients in this series with unusual bone changes was one with involve- 
ment of the phalanges of the thumb, one with involvement of the olecranon, and four with 
involvement of the femur. In each case the involvement was monostotic. In all cases the 
most nearly adjacent joint was involved to some extent, and reasonable doubt may exist 
as to whether the bone changes were secondary to hemorrhages within the joint or whether 
they were due to primary hemorrhages within the bone or in the subperiosteal tissue ad- 


jacent to the bone. 


REPORT OF CASES 


Case 1. A young man, nineteen years old, first registered at the Mayo Clinic on April 15, 1927. His chief 
complaint was intermittent pain and swelling with stiffness of the elbows of two and one-half years’ duration. 
The mother, who accompanied the patient, stated that the patient’s father’s brother was a bleeder and also 
his father’s brother’s son. The patient had had frequent attacks of nosebleed, for relief of which epinephrine 
packs were required, up to two or three years before admission. Hemorrhages from small cuts lasted up to 
half an hour and were controlled only by pressure. Two years before admission the patient had had whooping 


* Translation by Dr. A. R. Pils. 
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Fig. 1-A Fig. 1-B Fig. 1-C 

Fig. 1-A: Case 1. Moderate swelling of the left thigh. 

Figs. 1-B and 1-C: The femur in 1927, seven years before death. Lateral view (Fig. 1-B) shows 
enlargement of femur from subperiosteal calcified hematoma. Anteroposterior view (Fig. 1-C) shows 
erosion of cortex along medial surface. 


cough, during the course of which swelling and pain in the thigh developed. The swelling was present at the 
time of his admission to the Clinic, but it was not painful. For about the same period of time the patient. had 
had recurrent attacks of pain and swelling of the elbows, with limitation of motion. He had also had pain in 
the left groin, three years before admission, with a palpable mass which he thought was due to hemorrhage 
Examination showed swelling of the thighs (Figs. 1-A, 1-B, and 1-C); movement of the elbows was limited to 
160 to 130 degrees on the right and 170 to 140 degrees on the left. The following laboratory findings were 
noted: hemoglobin 66 per cent.; erythrocytes 4,270,000 and platelets 228,000 per cubic millimeter of blood 
The coagulation time was ten minutes and the bleeding time twelve minutes. A Wassermann reaction was 
negative, and clot retraction was complete at the end of two hours. The patient was seen by a consultant in 
hematology, who made a diagnosis of hemophilia. No treatment was advised. 

Several years later, in 1933, the patient wrote that he continued to have trouble with the thigh and the 
elbow joints. He stated that his thigh was thirty-two inches in circumference near the groin and twenty-eight 
inches above the knee. 

On April 3, 1934, the patient’s physician wrote that the patient had died a few days before and that 
permission had been obtained for a partial autopsy. He stated: “‘ While our sections are not yet completed, | 
am positive that this enormous tumor was merely a subperiosteal hemorrhage. There was no arteriovenous 
aneurysm, nor anything that looked like sarcoma, grossly.”’ 

Later the protocol of the necropsy was forwarded to us, but unfortunately the roentgenograms had been 
destroyed and no copies had been made. The following is an excerpt from the protocol: ‘‘ Examination reveals 
the body of a young male adult about twenty-five vears of age, with moderate oedema of the lower portion 
of the abdomen and the left flank. The entire left leg and thigh are enormously swollen, the enlargement. being 
most marked from the region of the hip to a short distance below the knee. Circumference at mid-thigh is 
thirty-two and one-half inches; just below the greater trochanter it is thirty-one inches; and at the knee it is 
twenty-eight inches. 

“On the lateral aspect of the left knee is an ulcerated area of about three or four inches, in the center of 
which is a sinus tract, leading to the deeper tissues and having an external opening about one inch in diameter. 
The base of the ulcer is covered by gelatinous material. Several areas on the anterior and lateral aspects of the 
upper thigh are denuded of the superficial layers of skin, but ulceration has not occurred. The entire left leg is 
boggy and somewhat fluctuant. The leg is oedematous below the knee. 

“ Abdomen: Examination made through an incision from the umbilicus to the symphysis pubis. There is 
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Fic. 2-A Fig. 2-B Fia. 3 
Figs. 2-A and 2-B: Case 2. Anteroposterior and lateral roentgenograms show extensive destruction 
of femur with pathological fractures (eight years before death). 
Fig. 3: Case 3. Destructive change in olecranon process. 


a small amount of straw-colored fluid in the abdominal cavity and a few enlarged glands along the iliac vessels 
I:nlarged glands are present in the mesentery of the ascending colon. 

‘The liver is normal in appearance and of normal size. No evidence of metastases can be discovered. The 
spleen is also normal in appearance and size. Both kidneys are somewhat enlarged. 

“Left Lower Extremity: Incision along the lateral aspect of the thigh, from the anterior-superior spine 
toa point just below the knee. The tissues are everywhere oedematous. Little or no muscle remains beneath 
the fascia lata. An enormous mass, having the appearance of liver and containing numerous small, hard 
nodules, completely surrounds the femur. Lateral to the trochanter is the opening of a large cavity that leads 
to the pelvie cavity. The liver-like mass surrounding the femur is evidently an organized blood clot. About 
four inches below the trochanter is a fracture of the femur, split anteriorly, with some outward bowing. Ther 
is some displacement of the upper Iragment. There is no evidence of callus. The entire femur is rough and 
somewhat smaller in diameter than would be expected. There are numerous flat, sharp spicules of bone, 
radiating outward from the periosteum like the spokes of a wheel. 

‘Surrounding the entire mass is a thick membrane, apparently the periosteum, which has been lifted 
away from the bone by the hemorrhage. Sections were taken from the upper and lower fragments of the 
femur. 

‘The femoral vessels are greatly thinned, being compressed between the fascia lata and the periosteum 
There is no communication between them. 

‘Anatomical Diagnosis: Enormous organized subperiosteal hemorrhage involving the entire left femur, 
with overgrowth and absorption of bone. Secondary infection and ulceration of soft parts.” 


Case 2. A white man, aged fifty-one years at the time of his first admission to the Clinic on November 


7, 1935, complained chiefly of a tumor of the right lower extremity and of inability to use the limb well sine: 
a fracture had occurred, three vears before. In 1910, twenty-five vears before admission, the patient had been 
kicked on the right thigh by a horse. The thigh swelled to about twice its usual size. This swelling lasted for 
two Or three months, gradually subsiding; finally only a lump, three centimeters in diameter, could be felt on 
the medial aspect of the lower end of the thigh. This lump remained for about twelve years and then began 
gradually and painlessly to grow larger, until in 1932, three years before admission, the tumor had become 
about two-thirds its size on admission (twenty-five and one-half inches in circumference). In September 1932, 
as the patient roped a horse, the femur was fractured at the site of the swelling. He was treated by traction 
for sixty days. During this time there was some “discharge from the wound”’, but the wound healed. The 
patient was able to be up and about with crutches, but was unable to bear weight on the right lower extrem- 
ity. The examination revealed a huge enlargement which involved two-thirds of the right thigh. The 
lesion was painful and quite tense. Roentgenograms (Figs. 2-A and 2-B) showed a peculiar destructive 
process, involving the lower half of the femur. The measurements of the two lower extremities were as 


follows: 
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Right Lower Extremity Left Lower Extremity 


(Inches) (Inches 
Length...... SEPA BS ie Miied Rte ce 3714 3814 
Circumference of thigh 
ES ay ee Pre ag ae 193% 1714 
Middle....... Re gS Pee ee 22% 17 
ES en ene te 2514 143, 


The patient was found to have purpurie lesions of the skin. 

The following laboratory findings were noted: hemoglobin 14 grams per 100 cubie centimeters of blood; 
erythrocytes 4,560,000 and platelet count 25,000 to 72,000 per cubic millimeter of blood. The coagulation 
time was fourteen minutes. A chest roentgenogram showed a ‘‘dense lobular mass, definitely intrathoracic, 
lying at the level of the fourth, fifth, and sixth ribs in the right axillary line, calcified, encapsulated empyema. 
Thickened pleura, right base, with diaphragmatic adhesions.” 

A needle biopsy of the tumor mass was performed on December 4, 1935, and necrotic hemorrhagic tissue 
was found. 

A final diagnosis of purpura hemorrhagica was made and splenectomy was advised, but the patient 
refused this. Roentgen-ray treatments were given over the tumor, but at re-examination after a three-month 
interval no objective improvement was seen. 

The patient later reported some improvement as a result of the roentgenotherapy. However, in March 
1939, four years later, his wife wrote that ‘he had convulsions again, caused by the tumor on his leg”. A 
letter from his wife, in April 1944, stated: ‘On September 2 the blood tumor on his leg broke and he died 
September 13, 1943. He practically bled to death. The leg was thirty-nine inches around.”’ There was no 
postmortem examination, 

Case 3. A white man, aged twenty-seven years, registered at the Clinic on August 8, 1929. He stated 
that his father and two cousins on his mother’s side ‘‘bleed easily’. The diagnosis of hemophilia had been 
made previously by the patient’s uncle, a practising physician. The patient had had two severe hemorrhages 
from cuts and injuries. He had had a number of hemorrhages into the right elbow, which caused it to swell 
and to become painful after exercise. 

Examination disclosed crepitation of the right elbow, especially on pronation and supination. Roent- 
genograms showed a cystic area in the right olecranon process with some irregularity of the joint surface 
(Fig. 3). The hemoglobin was 65 per cent. (Dare); erythrocytes 4,600,000 and platelets 172,000 per cubie 
millimeter of blood. The coagulation time was three minutes and the bleeding time two minutes. 

No follow-up studies were obtained in this case. 


Case 4. A white boy, aged nine years, first registered at the Clinic on January 21, 1932. Four weeks 
prior to admission, the patient had cut his right hand with a knife. The hand had been bandaged tightly, but 
hemorrhages had occurred four times, with the formation of hematomata in the palm of the hand. With the 
aid of four transfusions and dressings, bleeding was controlled and the wound healed. 

The patient returned in April 1935. He had noticed a gradual enlargement of the right thumb over a 
period of eighteen months. A bluish discoloration had taken place (Figs. 4-A and 4-B). Roentgenotherapy 
was given over the affected thumb. The patient returned again in June 1937. There had been a gradual en- 
largement of the thumb. Examination revealed a thumb four or five times as large as normal, with a bulbous 
swelling of the terminal phalanx (Fig. 4-C). The swelling appeared cystic and seemed to contain a blood clot. 
An area three centimeters in diameter was apparent over the nail, which was black (Fig. 4-C). The coagula- 
tion time was twenty-four minutes, the erythrocytes numbered 4,139,000, and the platelet count was 91,000 
per cubic millimeter of blood. 

On July 2, 1937, the patient was given a transfusion of 150 cubic centimeters of citrated blood. The next 
day, amputation of the thumb was performed through the proximal end of the proximal phalanx. A large 
cystic cavity was noted in the bone, which was full of blood (Fig. 44D). The bleeding points were easily 
caught and ligated. Very little bleeding occurred from the soft tissues. A pressure dressing was applied after 
closure of the wound. The hand was dressed in nine days and no bleeding was encountered. The patient was 
dismissed eleven days after the amputation. In November 1946, his sister wrote that he had had no more 
trouble with the thumb, but had had numerous hemorrhages of the joints, stomach, kidneys, and bowels. 


Case 5. A white physician, aged thirty-seven years at the date of first registration, in July 1931, gave a 
family history of two brothers with hemophilia; of one brother, then dead, who apparently had had hemo- 
philia; and of three paternal half brothers who were non-bleeders. The mother had four brothers who were 
bleeders, and all died of hemorrhages before the age of twenty-five years. The patient thought his maternal 
grandfather may have had hemophilia. The mother’s sister’s two sons had hemophilia, and another sister 
had one son who was a bleeder. Five sisters of the mother had sons who were non-bleeders. The patient had 
one daughter and one son who were not bleeders. 

At the first admission the patient gave a history of repeated hemorrhages from the gums, nose, and so 


THE JOURNAL OF BONE AND JOINT SURGERY 








ood: 


tion 
acic, 


ma. 
ssue 


ient 
ymnth 


arch 
a 
lied 


sno 


ited 
een 
LZzeS 
vell 


*nt- 
ace 


eks 
put 
the 


py 
Cni- 
US 
ot. 
la- 
100 


xT 
ge 
ily 


yas 


re 








BONE AND JOINT CHANGES IN HEMOPHILIA 595 








Fig. 4-A Fig. 4-B 


Fig. 4-A: Case 4. Destruction of terminal phalanx of thumb at time of admission in 135 
Fig. 4-B: Destruction of both phalanges of thumb in 1937. 





Fig. 4-C Fig. 4-D 
Fig. 4-C: The thumb at time of admission in 1937. 
Fig. 4-D: Specimen removed; the extensive blood clot within the expanded thumb should be 
noted. 


forth, usually stopped by pressure. At that time the right knee was ‘‘stiff”, but there was no history of 
trouble with the femur. 

At the time of the patient’s second admission, in April 1938, he was referred by a surgeon who stated 
that he had first seen the patient five months previously, after a fracture of the right femoral shaft. It was 
the opinion of the referring surgeon, as well as that of the patient, that the fracture was a combined traumatic 
and pathological fracture. The roentgenograms showed an area of considerably lessened density of the shaft 
at the site of the fracture (Fig. 5-A). A cast was applied for ten weeks, but no callus developed and another 
cast was applied. After another interval of about the same time no evidence of callus formation was noted, 
and there was evidence of actual erosion through the cortex. It was the opinion of the surgeon who referred 
the patient that the lesion ‘‘may have been due to areas of hemorrhage within the shaft”. The patient gave a 
history of frequent intramuscular hemorrhages within the thigh. 
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The patient returned at intervals of from one to three months during the next four and one-half years. 
At each visit a transfusion was usually given; a cast was applied to the extremity from the groin to the 
ankle, and over this a walking caliper brace was worn (Fig. 5-B). 

At the time of his last admission, in November 1942, the patient stated that he had been fairly well 
until two months before, when something in the lower extremity seemed to give way; since then he had had 
continual pain and he could feel the fragments of the femur grate together. Finally blood began to seep 
through the cast, so he made a window in the cast and found an ulcer. He stopped work, received some plasma 
transfusions, and finally the bleeding from the ulcer was controlled. Further bleeding took place, and the 
patient received further transfusions of plasma. His general condition became worse and he felt weaker. 

Examination on admission revealed two sinuses on the lateral aspect of the knee, with foul-smelling 
discharge and blood coming from them. Roentgenograms revealed almost complete destruction of the 
femur. Repeated transfusions were given, but the patient grew progressively worse and died thirteen days 
after admission. 

The following excerpts are from the protocol of the postmortem examination: ‘‘The right knee is 
ankylosed at 180 degrees. There is an ulcer, measuring four by eight centimeters, over the lateral aspect 
of the lower third of the right thigh. The margins are covered with necrotic tissue [Fig. 5-C]. 

**This ulcer communicates directly with a large cavity, extending upward to the juncture of the upper 
and middle thirds of the femur and downward toward the knee. The anterior and lateral walls of the femur 
in its lower two thirds are absent. The edges are ragged and present a moth-eaten appearance. The marrow 
cavity is greatly expanded, with thinning of the cortex in a number of places. It is estimated that there are 
about 1,000 cubic centimeters of disintegrating clotted blood, apparently segregated in multiple loculi, par- 
ticularly in the marrow cavity. The femur is fractured at the juncture of the middle and lower thirds, but 
the fragments are held together by a few bands of fibrous tissue. The right knee joint is also filled with dis- 
integrating blood clots. 

‘The section of the cyst wall shows a fibrous periosteum in which a few vessels are present. The under- 
lying cortical bone is thin, and in the marrow spaces normal bone marrow is replaced by loose connective 
tissue with numerous blood vessels. Osteoblasts and osteoclasts are greatly increased in number. Internal 
to the cortex there is a great increase in this connective tissue, which is extremely vascular. Numerous 
fibroblasts and young blood vessels are present, forming an irregular area of granulation tissue. In some 
areas the fibrous tissue is denser and surrounds spicules of bone which are undergoing degeneration. Inter- 
mixed with the granulation tissue are many macrophages containing pigment, some of which stain blue 
with the iron stain. Others are unstained and probably contain hematoidin. 





Fig. 5-A Fig. 5-B 
Fig. 5-A: Case 5. Anteroposterior and lateral views of the femur, five months before admission in 1938. 
Fig. 5-B: Appearance of femur four months before death of patient. 
Fig. 5-C: Anteroposterior and lateral views of the femur, removed at necropsy. The bone was eroded 
extensively and surrounded by a mass of fibrous tissue. 
Fig. 5-D: a: Section (X 20) made through margin of bone shows spicules of bone and fibrous tissue. 
b: Showing invasion of bone by fibrous tissue (X 115). 
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Fic. 6-A Fic. 6-B 
Case 6. Lateral and anteroposterior views of small area of absorption in shaft of femur. Erosion 
may be noted on medial side of femur. 


‘*Section of the bone near the frae- 
ture shows numerous trabeculae of bone 
with fragmentation of bone spicules; in- 
termixed with them are areas of degen- 
erating cartilage and solid masses of 
fibrous tissue, some of which is under- 
going degeneration, also. The marrow is 
hyperplastic, with a great increase in all 
cell lines [Fig. 5-D}. 

‘*Sections of muscle at the fracture 
site show varying degrees of replacement 
of the normal muscle by fibrous tissue 
and, in other places, degeneration of the 
muscle cells with marked increase of 
myonuclei; in other areas there is actual 
necrosis of muscle cells. In surrounding 
areas and sometimes intermixed with the 
areas just mentioned are collections of 
macrophages, lymphocytes, and plasma 





cells; and associated with them are large 


Fic. 6-C numbers of cells containing both dark 
Specimen shows extensive hemorrhage into knee joint brown and light yellow pigment, corre- 
and into marrow cortex of femur. sponding to hemosiderin and hematoidin, 


respectively. In other areas of the muscle 
there is hemorrhage within the muscle tissue and necrosis of the muscle cells, giving the appearance of ac- 
tual infarction of the muscle cells. 

“Section of the skin, at the area of ulceration overlying the bone cyst, shows dense accumulations of 
granulation tissue, underlying thin epithelium which is apparently attempting to cover the granulation tissue. 
In the granulation tissue in this denser area are numerous macrophages which contain pigment; deeper in, 
towards the cyst, there is necrosis of tissue; and between that and the granulation tissue is a thin, irregular 
grouping of neutrophils, as well as lymphocytes, plasma cells, and macrophages.” 

Case 6. A boy, ten years old, first registered at the Clinic in 1928, complaining of pain and swelling of 
several joints, which had been present for eight years. A second admission in 1929 and a third in 1934 were 
noted, but no specific treatment was given. He returned in 1937, with the recommendation of a dentist in 
* his home community that he have three teeth extracted. One tooth was extracted, but the patient’s bleeding 
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could not be stopped in spite of transfusions, administration of neohemoplastin, epinephrine packs, and so 
forth. On the fourth day the patient died. 

Roentgenograms taken in 1934 showed a destructive area in the lower portion of the left femur (Figs 
6-A and 6-B). On postmortem examination the oval area of rarefaction in the cortex of the distal third of 
the femur was found to be the site of a hemophilic bone cyst which had developed during the previous six 
years. Figure 6-C shows the knee almost completely filled with old hemorrhage. The joint synovial membrane 
was grossly thickened and darkened, and showed evidence of hemosiderin deposits in many places. Hyper- 
trophied synovial tags extended into the intra-articular spaces, and in some places the joint cartilage was 
markedly thinned. 

DISCUSSION 

The six cases reported here in some detail seem to be examples of the so-called hemo- 
philic pseudotumor. These cases are similar to those previously noted in the literature. 
One, Case 4, is very similar to that reported by Firor and Woodhall. In one other case the 
olecranon was involved; unfortunately, we have been unable to trace this patient and 
cannot tell what changes have developed. In four cases the lesion involved the femur, and 
all of these patients are now dead. Three died from the effects of the pseudotumor of the 
thigh with subsequent fracture of the femur, erosion of the mass through the skin, and 
terminal hemorrhage with infection. In Case 6 the patient died of hemorrhage following a 
tooth extraction, but the changes in the roentgenogram and the findings at necropsy would 
indicate the beginning of a process similar to those which developed in the other cases of 
“pseudotumor” of the thigh. 

We have already stated that it is impossible for us to determine whether these 
hematomata were extensions of hemorrhage from a neighboring joint, or were subperiosteal 
or intramedullary in their origin. The case of the physician, which was followed most 
closely and over the longest period of time, would indicate that the hemorrhages, at 
least in this case, were intramuscular and subperiosteal and caused destruction of the 
bone more by pressure erosion than by any other action. It is impossible for us to state 
whether or not there may be any ‘‘chemical effect’’, as postulated by Reinecke and 
Wohlwill. 

Miiller reported the results of roentgenotherapy in two cases (one of these was Becker's 
first case, already cited), and arrived at the conclusion that irradiation had influenced the 
resorption tumor primarily by changing the reaction of the reticulo-endothelial system, as 
well as by influencing the products of cell destruction. Others have maintained that the 
roentgen rays influence the constitution of the blood. In the one patient in this series who 
Was treated by roentgenotherapy, no improvement was noted. 


CONCLUSIONS 

On the basis of the cases reported, it would seem reasonable to conclude that these 
pseudotumors may arise, first, from hemorrhages originating in the joint, extending along 
the bone to produce pressure erosion; second, from subperiosteal hemorrhages, which may 
at first lead to formation of new bone and later to absorption and destruction of bone; and 
third, from cortical or medullary hemorrhage, which may lead to cystic changes and later 
may destroy the bone or lead to fracture and further hemorrhage. 

It is difficult in any one case to state accurately which route was followed. On the other 
hand, it seems important to be able to recognize the condition early enough so that the 
destructive changes may be kept under control. 
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DISCUSSION 

Dr. WitiiamM T. GREEN, Boston, Massacuusetts: We are indebted to Dr. Ghormley and Dr. Clegg 
for focusing our attention upon the skeletal complications of hemophilia, and particularly for presenting the 
bizarre picture of pseudotumor as one of the more rare lesions in the disease. 

Of the major complications secondary to hemophilia, those of the skeletal system are most frequent and 
often most serious. The “*hemophilie joint” is familiar to us all,—repeated acute episodes of hemorrhage into 
a joint, progressive degeneration of the articulation, and increasing disability. Each episode of hemarthrosis 
increases the pathological process in the joint, which in turn, with its progression, increases the likelihood of 
recurrent hemorrhages. 

Another less common musculoskeletal manifestation, which should be emphasized particularly in relation 
with pseudotumor, is that of massive acute hemorrhage beneath the deep fascia, with impairment of the 
circulation distal to the area of hemorrhage. We have seen several instances of Volkmann’s contracture, 
affecting either the upper or lower extremity. In one patient in this category, with whose record we are fa- 
miliar, amputation was necessary because of gangrene of the foot. 

In all of these complications—the hemophilic joint, Volkmann’s contracture, and pseudotumor—the 
tendency is to develop an interest in the process at too late a stage in its evolution. Hemorrhage into the joint 
of a patient with hemophilia warrants attention at the start, as does any considerable degree of bleeding be- 
neath the deep fascia. On these occasions, the clotting time should be brought down and kept down until the 
acute episode has passed. The most effective way te do this is by small transfusions of blood or plasma, which 
should be fresh, not stored. These may be necessary as often as every six hours, as guided by the venous clot- 
ting time. 

One of the fractions of plasma, obtained by the process of Cohn and his associates, the so-called fraction 
1, has been found by Diamond to be approximately ten times as active as plasma in reducing the clotting 
time. However, considerable difficulty has been encountered in preparing the fraction so that it is dependable. 
It is not available on a commercial basis, but it is a step in the right direction. 

Local measures affecting the part are likewise important; a judicious choice must be made as to the use 
of rest, traction, immobilization of short duration, motion, and gradual resumption of activity. If any consid- 
erable amount of blood is present in a joint, aspiration and irrigation are indicated, once the clotting time has 
been reduced to normal limits. 

The pseudotumor, in its full-blown character described by the authors, I have not seen. Its mechanism 
in most of its phases seems evident, and illustrates the tendency for hemorrhage to recur after a certain stage 
in the local process has been established. This adds emphasis to the idea that attention should be given to 
these local processes before it is too late. Concealed hemorrhage of any considerable amount should be 
‘open hemorrhage ”’. 


‘ 


considered as much of an emergency as 


Dr. Guy A. CALDWELL, NEW ORLEANS, Loutsi1ana: The report of Dr. Ghormley and Dr. Clegg adds 
six cases with unusual bone changes to the small group of similar cases heretofore reported. 

The authors state that “it is impossible for us to determine whether these hematomata were extensions 
of hemorrhage from a neighboring joint, or were subperiosteal or intramedullary in their origin”. Other cases 
that have been reported have shown, in their roentgenograms, areas of absorption and rarefaction in the 
epiphyses and diaphyses of various bones. Dr. Key believes that these are the result of intra-osseous hemor- 
rhage. Most observers raise the question as to whether or not hemophilic blood contains some particular ele- 
ment which is peculiarly destructive to bone and cartilage, but no one, thus far, has identified such an element. 
From the viewpoint of diagnosis and treatment, it is important to bear in mind that joint changes and bone 
changes are frequent in cases of hemophilia. The lesions may closely simulate the changes seen in chronic 
arthritis and, when they occur on the shafts of bones, may be mistaken for osteogenic tumors. 

Errors in diagnosis and treatment are not likely to be made when the patient gives a clear-cut history of 
prolonged bleeding from minor cuts and of similar tendencies in other members of the family. However, the 
delay in coagulation is the only abnormal factor in the blood of such patients and, since it may be almost nor- 
mal at times, more than one test should be carried out when there is reasonable question of hemophilia. The 
blood should be drawn from the vein rather than from the lobe of the ear or the fingers, because, when mixed 
with tissue juices, the coagulation time may be quite normal. The etiological factor responsible for the de- 

(Continued on page 630) 
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COXA PLANA * 


BY M. BECKETT HOWORTH, M.D., NEW YORK, N. Y. 


Coxa plana is a disease of the hip, usually occurring between the ages of four and ten 
vears, and running a self-limited course. It is characterized by degenerative changes in the 
epiphysis of the femoral head, due to a circulatory disturbance. The name coxa plana is 
not altogether satisfactory, as it does not include the earliest stage or all the changes of 
the disease, but it is the best name so far suggested. The condition is also known as Legg- 
Perthes disease or Calvé’s disease, osteochondritis deformans juvenilis, and aseptic 
necrosis of the upper femoral epiphysis. The term aseptic necrosis is not accurate for 
describing either the pathological or roentgenographic features of the disease, and should 
be discarded. Coxa plana is one of a group of diseases, the osteochondroses, which include 
slipping of the upper femoral epiphysis, coxa magna *, Osgood-Schlatter disease, apophy- 
sitis of the caleaneus, KGhler’s disease, Freiberg’s disease, Kienbéck’s disease, and epiphy- 
sitis of the spine (Scheuermann’s disease). They are all characterized by degenerative 
changes, due to circulatory disturbance, but occur at various ages in various epiphyses 
or small bones. The age differences of the osteochondroses are explained by the varying 
vulnerability of the local circulation at different ages. Degenerative changes similar to 
those of coxa plana may be produced, however, by circulatory damage at other ages,-—for 
example, after slipping of the upper femoral epiphysis or fracture of the femoral neck. 

(Coxa plana is frequently encountered in orthopaedic practice, some 115 cases having 
been seen in various stages of the disease at the New York Orthopaedic Hospital during 
the ten years from 1935 to 1944, inclusive. A careful study of these cases has been made, 
and forms the basis for this report. An earlier report was made by Ferguson and Howorth 
in 1934. 

CLINICAL FEATURES 

(Coxa plana is more common in boys than in girls (85 per cent. in boys, 15 per cent. in 
girls); the reason for this is not known. It is unilateral in 90 per cent. of the cases, and 
occurs about as often in one hip as in the other. The physical type of the child appears to 
have no relation to the disease, and only an occasional case presented a definite endocrine 
disturbance. Coxa plana may occur during the course of treatment of congenital disloca- 
tion of the hip in about 25 per cent. of the hips, as a result of immobilization in a position 
of tension, particularly extension, abduction, and internal rotation. This position ‘ wrings , 
out’? the blood vessels and interferes with the circulation, resulting in degenerative 
changes. The capsule and vessels are most relaxed at 90 degrees of flexion in the neutral 
lateral and rotary positions. 


ETIOLOGY 


The cause of coxa plana is not definitely known. Occasionally it is present in more 
than one child in a family, but no definite familial or hereditary relationship has been 
found. There is little or no evidence to favor the hypothesis that it is due to a congenital 
abnormality. Trauma apparently is usually an incidental factor, aggravating the disease 
rather than provoking its onset. Infection has not been demonstrated by culture or micro- 
scopie sections of tissue taken from the hip, although there are gross and microscopic 
mild inflammatory changes. Respiratory and other infections have been present just prior 
to the onset of the hip symptoms in a number of instances. It is possible that an allergic 
reaction in the soft tissues of the hip, due to infection elsewhere, may cause the vascular 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 28, 1947. 
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Fig. 1-A 

Case illustrating typical changes of coxa plana, in a child of five years. An early diagnosis was made. 
Treatment by complete bed rest for nine months had little, if any, effect on the course of the disease or 
the resultant deformity. Pain and limp had been present for one week, with slight limitation of all 
motions, and pain and spasm at extremes. Then bed rest was begun. 

March 26, 1945. Earliest signs of coxa plana: The capsule is swollen. There is decalcification distal to 
the epiphyseal line. The crest of the head is flat; slight irregular ossification is present. There is slight 
widening of the joint space, superiorly and medially. 





Fia. 1-B Fig. 1-C 


Fig. 1-B: Sept. 11, 1945. Six months after onset, the epiphyseal line is wider, with irregular decalcifica- 
tion on the distal side. Early decalcification of head is seen laterally. The articular surface of the head 
is irregular. 

Fig. 1-C: Nov. 13, 1945. Eight months after onset, the head is flatter and thinner, with early decalcifi- 
cation medially, more decalcification toward the lateral aspect, and increased density centrally. The 
epiphyseal line is healing. 


changes, The endocrine glands have been blamed for the disease, because about one third 
of the patients are of the fat and flabby type, but no definite evidence has been produced 
to prove the connection or to explain the fact that coxa plana is usually limited to one hip. 
-The basal metabolic rate has usually been normal. Cretinoid epiphyseal dysgenesis, due 
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Fig. 1-D Fig. 1-E 

Fig. 1-D: Jan. 17, 1946. Ten months after onset, the head is still flatter and thinner, with more decal- 
cification medially and laterally, and central condensation. Ossification is more irregular. Slight subluxa- 
tion has occurred. The epiphyseal line has healed. The proximal surface of the neck is convex, growing 
into the head. 

Walking is resumed at this time. 

Fig. 1-E: Apr. 23, 1946. At the end of thirteen months, the head is flatter and thinner, ossification is 
more irregular, and there is increased density at the center. Recalcification has taken place medially and 
laterally. The neck is broader. 





Fia, 1-F 
June 18, 1946. After fifteen months the head is flatter and thinner, more dense at the center. The 
neck is wide. 


to hypothyroidism, is similar to coxa plana, but should-not be confused with it. Changes 
similar to those found in coxa plana are seen also in the hips of a good many children with 
achondroplasia, chondrodysplasia, juvenile rickets, and Morquio’s disease. 

Coxa plana is fundamentally a vascular disturbance with resultant degenerative 
changes in the head of the femur. The vascular disturbance may be due to any one of 
several causes. 
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Fig. 1-G Fig. 1-H 
Fig. 1-G: Sept. 10, 1946. After eighteen months, the head is very flat and thin, the center less dense. 
This is the end of the absorptive phase. The capsule is not swollen. 
Fig. 1-H: Nov. 18, 1946. At the end of twenty months, the central area of the head is beginning to 
recalcify; the medial and lateral portions are well ossified. 


PATHOLOGICAL FINDINGS 





The pathological changes in coxa plana “ 
have been studied at operation on fifty hips 
in early and late cases. Changes occur early St 
in the soft tissues, the synovial membrane, 
the capsule, and the periosteum. These tis- eal 
sues are swollen, oedematous, and lryper- in 
anemic, especially the synovial membrane, an 
which is usually redundant at the inferior wi 
angle between the head and neck. Micro- act 
scopically, there is oedema, hypervascu- wh 
larity, and thickening of the synovial mem- at 
brane, often with villous formation (Figs. sta 
3-L, 4-K, and 5-G). Perivascular lympho- the 
cytic and plasma-cell infiltration are usual. tis: 
There is softening on the distal side of the sof 
epiphyseal disc, due to decalcification and tor 
increased vascularity (Fig. 5-H). Soon dense 4) 
: areas appear in the femoral head, due to for 
arate bone condensation or increased calcification. ma 
Path ne a ape paar agree > eg onset, Later these dense areas are invaded by blood pre 
vessels and granulation tissue which tend to Sy, 
absorb them; and there may be areas containing very little bone. At this time the head 
tends to become flattened and wider, and the neck becomes relatively shorter and thicker. 
In the meantime, the soft tissues become less vascular and oedematous; scarring and sy! 
inelasticity develop; and a pannus appears at the margin of the head. Hyperplasia of the — 
tissues in the region of the Haversian gland results in some lateral displacement of the 
femoral head in the acetabulum. As the disease recedes, the bone recalcifies,—first at the “= 
epiphyseal disc, later in the softened areas of the femoral head, which eventually fill in and - : 
become trabeculated. However, the head maintains its mushroom shape. As a result of the - 
deformity, the head does not fit the acetabulum well and tends to become subluxated, 
whereas motion is mechanically less smooth. The acetabulum tends to become deformed, _ 
VOL 
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Fia. 1-J 


May 1947. At the end of twenty-six months, further ossification of central area is evident. 


adapting itself somewhat to the deformity 
of the head. 
Stages of Disease 

Coxa plana may be divided into: (1) the 
early or incipient stage, lasting several weeks, 
in which there are only soft-tissue changes 
and mild symptoms and signs associated 
with the synovitis; (2) the degenerative or 
active stage, lasting one or two years, in 
which degeneration in the head and softening 
at the epiphyseal dise occur; (3) the healing 
stage, lasting three or four years, in which 
the dense areas are replaced by granulation 
tissue and finally by normal bone, while the 
soft tissues become sclerotic and the symp- 
toms and signs of syndvitis disappear; and 
(4) the residual stage, in which only the de- 
formity with its consequent symptoms re- 





Fig. 1-K 
mains. In each stage the soft-tissue changes Sept. 20, 1947. Thirty months after onset. 
precede the bone changes. There has been no definite change since May 
1947. The head is quite thin and flat; the head 
Symptoms and neck are broad, so that one quarter of the 


head projects beyond the acetabulum. 
In the early stage, the most common 


symptom is a slight limp, which increases with the intensity of the disease. Pain is usually 
complained of, but is rarely severe enough to prevent walking; often it is only a mild ache or 
stiffness. The pain is referred to the groin, medial aspect of the thigh, or knee, and follows 
the distribution of the obturator nerve. The pain is apt to be worse with activity and to be 
relieved by rest; it usually begins gradually, and is often aggravated by some trivial injury. 
Occasionally limitation of motion is noticed. There may be disability for vigorous activity. 

The acute symptoms gradually subside during the later stages, and are replaced by 
symptoms due to the faulty mechanics associated with the deformity. There may be a 
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Fic, 2-A 
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Fig. 2-F 
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slight limp, due to shortening and limitation of motion, slight pain on vigorous activity, 
slight stiffness and disability. Eventually the symptoms of osteo-arthritis may supervene. 





Fic, 2-H 


Typical case of coxa plana, in a child of four and one-half years, treated with a sling and crutches. An 
early diagnosis was made. Pain and limp had been present for three weeks. All motions were limited by 
pain and spasm. Healing was not complete after four years without weight-bearing. 

Fig. 2-A: Oct. 20, 1943. The capsule is swollen. The head is smaller and thinner than normal, irregu- 
larly ossified, and the articular surface is uneven. The joint space is wide, superiorly and medially. 

The patient was kept in bed for two months, then a sling and crutches were used. 

Fig. 2-B: Mar. 29, 1944. Five months after onset, ossification of the head is more irregular and dense. 
The epiphyseal line is wider, with decalcification at the junction with the neek. 

Fig. 2-C: Oct. 2, 1944. After one year, ossification of the head is more irregular, especially posteriorly. 
The head is more dense centrally. The neck is wider. The epiphyseal line is healing. The proximal 
surface of the neck is convex, growing into the head. 

Fig. 2-D: Jan. 3, 1945. At the end of fourteen months, ossification of the head is more irregular, with 
absorption anteriorly. The head is flat anteriorly, thin, and broad. The epiphyseal line has healed. 

Fig. 2-E: Feb. 13, 1946. After twenty-eight months, the anterior half of the head has been absorbed, 
except for a small island; the posterior half is ossifying and filling in. This is the end of the absorptive phase. 

Fig. 2-F: Sept. 23, 1946. After three years, slightly more filling in is seen. Weight-bearing is begun. 

Fig. 2-G: By Oct. 8, 1947, the posterior half is nearly healed, but there is no filling anteriorly. Com- 
pare with anteroposterior view (at right). The head is broad, thin, and flat. The neck is broad. Slight 
subluxation has occurred. 

Fig. 2-H: Jan. 24, 1948. Slight further healing. 
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Signs 

The earliest and most important signs of the disease are the limp, limitation of motion, 
and pain at the extremes of motion, especially lateral motion and rotation. The limitation, 
pain, and spasm increase in proportion to the intensity of the disease. There may be slight 
tenderness anterior to the hip joint. In time, slight atrophy of the thigh and slight shorten- 
ing of the femur appear, due to the flattening of the head and shortening of the neck. The 
limp at the beginning is due to pain and spasm, later to limitation of motion and 
shortening. 


LABORATORY FINDINGS 


Laboratory tests are of only incidental value in this disease. The erythrocyte sedimen- 
tation rate is usually increased slightly; it averages 25 millimeters per hour and may go 
as high as 40 millimeters, indicating to some extent the intensity of the disease. The blood 
count, serum calcium, phosphorus, phosphatase, and basal metabolic rate are usually 
normal. Cultures of the synovial fluid and of material taken from the synovial membrane 
and the bone have been negative. 


ROENTGENOGRAPHIC FEATURES 


The first evidence of the disease in the roentgenograms is a globular swelling of the 
vapsule (Figs. 1-A, 2-A, 3-A, 4-A, and 5-A). The joint space appears wider medially, be- 
vause of a slight subluxation laterally (Figs. 1-A, 2-A, 3-A, 4-A, and 5-A). It appears wider 
superiorly, because of a flattening of the ossified portion of the epiphysis; but there is no 
change in the shape of the articular cartilage at this stage (Figs. 1-A, 2-A, 3-A, 4-A, 
and 5-A). 

Soon after the onset, the epiphyseal line appears wider and is irregularly decalcified 
at its junction with the neck (Figs. 1-A, 2-A, 2-B, 3-A, 4-A, and 5-B). An irregular dense 
area soon appears in the capital epiphysis, usually in the central portion (Figs. 1-C, 2-C, 
3-A, 4-A, and 5-B). Gradually the dense area becomes irregularly decalcified, but it may 
enlarge at the same time (Figs. 1-C to 1-G, 2-C, 2-D, 3-A to 3-D, 4-C, and 5-B to 5-D). 
During the decalcification, the head becomes wider, flatter, and thinner, and the neck be- 
comes thicker and shorter. In some hips the affected area assumes the characteristics of 
osteochondritis dissecans. Gradually the soft-tissue swelling subsides; the epiphyseal line 
recalcifies, while the proximal surface of the neck becomes convex and grows into the 
head (Figs. 1-G, 2-D, 3-D, 4-D, and 5-D). More gradually, the decalcified areas are recal- 
cified (Figs. 1-H, 2-F, 3-F, 4-G, and 5-E). Eventually normal trabeculation occurs, but 
the head maintains its mushroom shape and tends to remain subluxated; one-fourth to 
one-half of the head projects lateral to the acetabular margin, due to its enlargement 
(Figs. 1-J, 2-G, 3-K, 4-J, and 5-F). The shape of the acetabulum usually follows somewhat 
the shape of the head (Figs. 1-H, 2-F, 3-F, 4-G, and 5-E). Osteo-arthritic changes often 
develop in middle life, but these are usually not so severe as those with slipping of the 
upper femoral epiphysis, probably because of greater mechanical and physiological 
disturbance in the latter. 


DIFFERENTIAL DIAGNOSIS 


Any child between the ages of three and twelve years who complains of a limp and 
pain in the groin, the anterior or medial aspect of the thigh, or the medial side of the knee, 
should be suspected of having coxa plana. The hip should be carefully examined for 
limitation of motion and for pain and spasm during motion, and roentgenograms should 
be taken. In case of doubt, the child should be put to bed until physical signs disappear 
and subsequent roentgenograms reveal no evidence of coxa plana. 

The typical roentgenographic changes of coxa plana are rarely seen with the other 
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Fig. 3-A Fig. 3-B 

Typical coxa plana in a child of three years, treated by bed rest for nineteen months and drilling 
(twice). This treatment had little, if any, effect on the course of the disease or on the deformity. Drilling 
with an awl probably was not effective; the child probably walked too soon. An early diagnosis was 
made. Limp and pain had been present for three months. All motions were slightly limited; there was 
moderate spasm at the extremes, and pain. 

Fig. 3-A: July 30, 1931. The capsule is swollen. The epiphyseal line is wide and decalcified, especially 
at the margins. The neck is slightly wide. The head is flat; the articular surface is uneven and irregularly 
ossified with central condensation. The joint space is wide superiorly and medially. 

The patient was treated by bed rest for one month before operation. On Aug. 27, 1931, Operation I 
was carried out. Six holes were drilled in the head with an awl. 

Fig. 3-B: On Aug. 30, 1931, the epiphyseal line is wider and irregularly decalcified. The head is flatter, 
thinner, and more dense. 





Fic. 3-C Fig. 3-D 


Fig. 3-C: Dec. 3, 1931. Three months after operation, the head is denser, especially at the center, 
thinner, and flatter. The epiphyseal line is more irregular and decalcified. There is slight subluxation. 

Fig. 3-D: Jan. 26, 1932. At the end of five months, the head is less dense, thinner, flatter, and is ossify- 
ing medially. The epiphyseal line is healing. The neck is convex and is growing into the head. 


childhood diseases of the hip, such as suppurative arthritis, osteomyelitis, rheumatic 
fever, and slipping of the upper femoral epiphysis. These diseases may be further dis- 
tinguished by their clinical features and the familiar laboratory tests. Coxa plana may 
occur in the course of treatment of congenital dislocation of the hip. 
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Fig. 3-E: June 22, 1932. After ten months the lateral 
two thirds of the head are largely decalcified, leaving 
only small islands of bone. The line has healed. This is 
the end of the absorptive phase. 

Operation II was performed on Aug. 22, 1932. Six 
holes were drilled in the head with an awl. 


Fig. 3-F: Feb. 4, 1933. At this time, eighteen months 
after Operation I and six months after Operation II, 
the head is beginning to reossify. Growth of bone has 
proceeded from the neck across the epiphyseal line 
into the head. The capsule is not swollen. 

Walking was begun, perhaps too soon. 

Fig. 3-G: May 4, 1933. The head is filling in; the 
medial and lateral portions are healed. 

Fig. 3-H: Oct. 3, 1933 (twenty-six months after 
Operation I and fourteen months after Operation IT). 
Further filling in of the central portion of the head and 
ingrowth from the neck have taken place. 

Fig. 3-I: Mar. 21, 1934 (thirty-one months after 
Operation I and nineteen months after Operation IT). 
Shows further filling in. 

Fig. 3-J: Nov. 10, 1934 (thirty-nine months after 
Operation I and twenty-seven months after Operation 
II). The head has filled in, but ossification is uneven. 


The head is wide, thin, flat, and subluxated; one third is outside the acetabulum. The neck is wide. 


Fig. 3-K 
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Fig. 3-K: Oct. 26, 1935 (four years and two months after Operation I and three years and two 


months after Operation II). The head is filled in and evenly ossified. 


Fic. 3-L 





At operation on Aug. 27, 1931, the synovial membrane showed marked hypervascularity, moderate 
oedema, and the presence of villi. A few plasma cells and large mononuclear wandering cells (histiocytes) 


are seen. 


COURSE IN UNTREATED CASES 


Coxa plana follows a characteristic course over a period of four to seven years, and 
always heals, but with some residual deformity. There is considerable variation among 
individual cases in all features of the disease, especially in the roentgenographic changes 
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Fig. 4-A Fig. 4-B 


Typical coxa plana, with early diagnosis, in a child of seven years, treated with drilling operation. 
Pain had been present for two months. Other symptoms included limp, considerable limitation of 
motion, pain, and spasm. 

Good healing had taken place by four years after onset—less than the average time—despite no treat- 
ment during the first fifteen months and extensive involvement. 

Fig. 4-A: July 16, 1930. Two months after onset, the capsule is swollen. The epiphyseal line is wide, 


Fig. 4- 


Fic. 4-E 


Fia. 4-F 
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Fic. 4-H 


with decalcification at the junction with the neck; the 
neck is wide. The head is flat superiorly; the articular 
surface is uneven; ossification is irregular; density is 
increased. The joint space is wide. 

No treatment was given for fifteen months. 

Fig. 4-B: Dec. 1, 1930. After seven months, the head 
is flatter, thinner, denser, and more irregularly ossified. 
The epiphyseal line is wider, more irregular, and 
decalcified. Slight subluxation is shown. 

Fig. 4-C: Mar. 2, 1931. Ten months after onset, the 
head is still flatter, thinner, and more irregularly ossi- 
fied. The epiphyseal line is beginning to reossify. One 
third of the head is outside the acetabulum. 

Fig. 4-D: Oct. 14, 1931. After seventeen months, 
the lateral portion of the head is almost absorbed. The 
epiphyseal line has healed. This is the end of the 
absorptive phase. 

At operation, on Oct. 22, 1931, six holes were drilled. 
The patient remained in bed for four months, then 
was ambulatory in a short spica for two months. 

Fig. 4-E: Nov. 16, 1931. At eighteen months (one 
month after operation), no dense areas are seen. The | 
head is filling in and is rounder, but irregularly ossified. 
The neck is growing into the head. The capsule is not ! _— 
swollen. Fig. 4-1 

Fig. 4-F: Feb. 8, 1932. At twenty-one months (four 
months after operation), more filling in is seen. Ossification is more even. Half of the head is outside 
the acetabulum. 

Fig. 4-G: Nov. 5, 1932 (thirty months after onset and thirteen months after operation). The head is 
more evenly ossified. 

Fig. 4-H: Apr. 8, 1933. Three years after onset and eighteen months after operation, further ossifica- 
tion of the head is shown. 

Fig. 4-I: Sept. 15, 1934 (four years after onset and three years after operation). The head is well 
ossified, but flat, thin, and broad. The neck is broad and has grown into the head. The course was proba- 
bly shortened by drilling, but drilling might have been done earlier with more benefit. 





and course. For this reason it is very difficult to set up a standard for evaluating the effect 
of treatment, particularly in individuals or in small groups of cases. 


TREATMENT 
Re st 
The primary treatment for coxa plana at the present time is rest. Rest in bed is the 
surest and simplest way of securing rest for the hip, but it must be continued for two or 
three years from the onset in the average case. Bed rest alone has been used in about thirty 
cases of this group (Figs. 1-A to 1-K). Rest allows recovery of the circulation of the soft 
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Fia. 4-J 


Apr. 19, 1947 (seventeen years after onset and fifteen and one-half years after operation). The head 
is rounded, but lipping appears at each margin. One third of the head is outside the acetabulum. 








_ ‘ —; 











Fig. 4-K 


At operation on Oct. 22, 1931, the synovial membrane showed marked oedema and hypervascularity. 
Villi are present. There is marked infiltration with plasma cells and lymphocytes. 


tissues and healing of the bone, preventing further damage by weight-bearing and activity. 
It is especially important in the incipient stage, when the symptoms and signs are acute, 
and later, when there is a great deal of decalcification of the head. Slight flexion of the hip 
is preferable, in order to relax the capsule and the blood vessels about the neck. Traction 
for two or-three weeks is desirable for the relief of pain and spasm in the acute case, but it 
should not be prolonged. Rest should be continued until there is no pain or spasm with 
motion, and until the roentgenograms show sufficient regeneration of the head for safe 
weight-bearing. 
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The best ambulatory treatment for coxa plana is a sling and crutches; this method 
has been used in about twenty of our cases (Figs. 2-A to 2-H, inclusive). A webbing belt 
with a shoulder strap, similar to the Sam Browne belt, is used for the sling which is sus- 


pended from the belt and encircles the ankle. The lower extremity is thus suspended, 
with the hip and knee in flexion. The hip is supported in a protected and relaxed position, 
and the circulation is given a chance to recover. 


Fic, 5-A 


Case of typical coxa plana, with early diagnosis, in a child of eleven years. Rapid healing fellowed 
drilling, through both the neck and articular surface of the head. Pain and limp had been present for ten 
months; the child had been in bed for six months. Rotation was slightly limited. 

Fig. 5-A: June 3, 1940. Ten months after onset, the capsule is swollen; the head is flat laterally. he 
joint space is wide, superiorly and medially. Slight subluxation is present. 


Fic. 5-B 
Dec. 2, 1940. After sixteen months, there is decalcification of the head laterally and of the neck near 
the epiphyseal line, with condensation of the head centrally. 
The operation, performed on Dec. 5, 1940, consisted in drilling with a Nicola gouge both through the 
neck and through the articular surface of the head. 
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Fic. 5-C Fic. 5-D 
Fig. 5-C: Jan. 29, 1941 (eighteen months after onset and two months after operation). Shows more 
decalcification of the head laterally, more density centrally. Drill holes are visible. The proximal surface 
of the neck is convex and is growing into the head. 
Fig. 5-D: Mar. 26, 1941 (twenty months after onset and four months after operation). The head is 
more calcified laterally, less dense centrally. The epiphyseal line has healed. 


ooo 





Fic. 5-E Fig. 5-F 


Fig. 5-E: May 22, 1941 (twenty-two months after onset and six months after operation). Ossification 
is more even. 

Fig. 5-F: July 23, 1941 (twenty-four months after onset and eight months after operation). The head 
is almost evenly ossified. It is wide, thin, flat, and slightly subluxated. 


The non-weight-bearing long leg brace with a built-up shoe for the good side may 
be used, but it is heavy and clumsy, more expensive, and less satisfactory than the sling 
and crutches; and it maintains the hip in extension instead of relaxed in flexion. Crutches 
alone may be used, but generally the child cannot be depended upon to keep his weight 
off the extremity. 

Immobilization in a plaster cast or traction brace tends to increase the limitation of 
motion, especially if continued for weeks or months. However, a cast or a traction splint 
may be used for two or three weeks for the relief of acute pain and spasm. 


Drilling Operation 
The drilling operation has been used in approximately fifty cases at the New York 
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Fic. 5-G 
At operation on Dec. 5, 1940, the synovial membrane showed moderate hypervascularity, hyperaemia, 
and villous formation. There is slight oedema. Many lymphocytes are present. 





Fie, &H 
Shows degeneration of hyaline cartilage of epiphyseal plate. Fibrocartilaginous repair is occurring at 
epiphyseal line. The bone trabeculae are of irregular architecture. 
Orthopaedic Hospital, in the twelve years from 1928 to 1939, for hastening the healing of 
the disease process (Figs. 3-A to 5-H, inclusive). The hip is exposed through a short 
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Smith-Petersen incision, and a fenestration is made in the neck anteriorly, at the margin 
of the head. Three or four holes are made with an awl, a drill, or a Nicola gouge, through 
the epiphyseal plate into the affected area of the head. These holes are for the purpose of 
penetrating the diseased areas, in order to allow more rapid revascularization and recalci- 
fication. The fenestration may be filled with a small piece of muscle to stop bleeding. It is 
important that the operation be done gently and skillfully, with a minimum of dissection, 
trauma, and damage to the circulation. The drilling was done in two hips through the 
greater trochanter, and twice it was done directly through the articular cartilage of the 
head and through the head into the neck. The former approach is too uncertain, however, 
and the latter seems to offer no advantage, but rather the possibility of greater damage. 
We have not attempted to curette the head, use bone chips or pegs, or transplant a 
muscle flap. 

An elastic-bandage spica is applied to the hip after the operation, and its use is con- 
tinued for two or three weeks. Active supported motion is begun a day or two after the 
operation. The motion has usually returned to the preoperative range within three weeks 
after operation. Weight-bearing is not permitted until all pain and spasm have sub- 
sided, and the roentgenogram demonstrates sufficient bone regeneration for safe weight- 
bearing,—-usually a year or more after the onset. Weight-bearing is begun gradually, 
usually with crutches. 

The follow-up period after the operation has been from eight to eighteen years. The 
operation has been found most useful when performed in the progressive stage or in the 
early stage of repair. The total amount of degeneration and the residual deformity ap- 
peared to be reduced by this procedure, and the period of convalescence has been shortened 
about one third. No new degenerative areas appeared, and repair began promptly after the 
operation. In order to be most effective, the operation must be combined with a period of 
several months of non-weight-bearing. Better results were obtained in the group of patients 
operated upon than in the other groups. , 


SEQUENCE OF CHANGES 
Early Clinical Features (from onset to one or two years): 

Protective limp. 

Pain, referred to groin, medial aspect of thigh, or knee. 

Slight limitation of motion, with pain and spasm at extremes. 

Atrophy of thigh. 

Slight elevation of erythrocyte sedimentation rate. 

Early Pathological Changes (from a few months to two years after onset): 

Synovial membrane swollen, oedematous, vascular, villous. 

Lymphocytic infiltration, especially about the blood vessels. 

Scattered plasma cells and mononuclear wandering cells (histiocytes). 

Degeneration of hyaline cartilage of epiphyseal plate. 

Fibrocartilaginous repair at junction of plate with neck. 

Irregular architecture of bony trabeculae of capital epiphysis. 

Early Roentgenographic Changes: 

Swelling of joint capsule (first few weeks). 

Flattening or irregularity of articular surface of ossification center of capital femoral 
epiphysis, usually laterally, with widening of joint space superiorly (first few months). 
Cartilaginous head remains round. 

Neck begins to widen. 

Widening of epiphyseal line with decalcification at its junction with the neck. 

Widening of joint space medially, due to swelling and thickening of soft tissues at 
Haversian gland. 
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Increased density of part of ossification center, usually the central portion. 

Areas of diminished density in ossification center, usually medially and laterally. 

Epiphyseal line begins to recalcify (second year). 

Decalcification of dense area, which breaks up into bony islands of variable size and 
shape, surrounded by granulation tissue. 

Recalcification of decalcified areas at margins of head. 

Proximal surface of neck becomes convex, growing into head. 

EK piphyseal line reossified and healed. 

Swelling of capsule subsides. 

Recalcification of central portion of head begins (third year). 

Head is wide, thin, and rounded, but much flatter than normal; lateral third projects 
beyond acetabular margin. 

Acetabulum begins to conform to shape of head (third to sixth year). 

Femur short, due largely to flattening of head and shortening of neck. 

Ingrowth of bone from neck into central portion of head not uncommon. 

Head fills in with bone, but texture and density are uneven. 

Late Clinical Features (three or more years after onset): 

Limp, due to shortening and mechanical limitation. 

Motions, especially abduction and rotation, slightly limited by incongruity of femoral 
head and acetabulum, and by contracture of capsule and ligaments. 

Late Pathological Changes: 

Synovial membrane thickened, avascular, and sclerotic. 

Capsule thickened and contracted. 

Late Roentgenographic Appearance (five or more years after onset): 

Head completely filled in; texture homogeneous. 

Head and neck broad; head thin and flattened, and projects beyond acetabulum 
about one third. 

Osteochondritis, with lipping at margins of head and acetabulum. 

Thinning of joint space with condensation of adjacent bone, and occasional cystic 
degeneration. 

CONCLUSIONS 

Degenerative changes, similar to those observed in coxa plana, often occur in the 
course of treatment of congenital dislocation of the hip, slipping of the upper femoral 
epiphysis, or fracture of the neck of the femur. These changes are due to interference with 
the circulation to the head, either by ‘‘ wringing out”’ of the blood vessels along the neck 
by immobilization in full extension, often with abduction and internal rotation, or by the 
separation of the head from the neck by injury or during the course of treatment. These 
degenerative changes can be prevented by the avoidance of immobilization in a position of 
tension, and by not separating the head from the neck in the course of treatment. Similar 
degenerative changes occur in suppurative arthritis of the hip, due to the inflammatory 
and mechanical pressure interference with the circulation to the femoral head. This damage 
‘an be prevented or reduced by very early adequate drainage, when there is pus or fluid 
under tension in the hip joint. 

Coxa plana runs a self-limited course over a period of years, and always heals. There is 
always a residual deformity: The femoral head and neck are broad, the head is flattened 
and shallow, and the acetabulum is somewhat flattened and shallow to correspond to the 
head. Treatment has little effect on the course of the disease. Reduced activity and freedom 
from weight-bearing result in the relief of pain and muscle spasm, with less limitation of 
motion, but probably have little or no effect on the course of the disease in the femoral 
head and neck. Bed rest is the treatment of choice in the incipient or acute and rapidly 
progressive phases of the disease, and the hip should be kept slightly flexed for relaxation 
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of the soft tissues and improvement in circulation. The best ambulatory treatment is the 
suspension of the extremity from a sling and belt, with the use of crutches. This should be 
continued while there are pain and spasm and while the head is soft. 

The drilling operation, when done skillfully and gently, with a minimum of damage to 
the circulation, results in more rapid healing of the lesion with less deformity, but the 
period of healing is still much too long. Some better method of treatment should be sought. 

Coxa plana may sometimes be prevented by early rest of the hip in the incipient stage, 
or in the stage of synovitis preceding the degenerative changes in the femoral head. More 
must be learned, however, of the cause and prevention of coxa plana. 
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DISCUSSION 

Dr. A. Bruce GILL, PHILADELPHIA, PENNSYLVANIA: Dr. Howorth has studied Legg-Perthes disease for 
a considerable number of years and has had an opportunity to survey the pathological changes of the condi- 
tion in fifty patients who were operated upon. 

I agree with the author almost entirely in his general concept of this disease and in his insistence that 
rest, or non-weight-bearing, is the essential factor in its treatment. The distinguishing feature is the aseptic 
necrosis which is first apparent in the metaphysis—that is, the upper portion of the neck adjacent to the 
epiphyseal plate of cartilage—and which later is evident in the femoral head. This necrosis is revealed by the 
increasing decalcification that is evident in the roentgenograms. The cycle of degeneration lasts for a period 
of from one to one and one-half years. I think this period may be shortened by early and continued treatment. 
The succeeding cycle of regeneration and recalcification lasts for a period of approximately two to four years, 
and may also be shortened by appropriate treatment. 

The exact etiology is not known, but it must be some factor or condition that interferes with a normal 
blood supply to the metaphysis and the epiphysea! cartilage. 

I do not agree with Dr. Howorth that the delayed or the irregular calcification of the head of the femur, 
seen frequently in congenital dislocation of the hip, is indicative of Legg-Perthes disease. These cases present 
a different roentgenographic appearance and run a different course. I prefer to consider them instances of the 
dysplasia, or delayed or defective growth, of the structures of the hip that is characteristic of congenital 
dislocation. 

I welcome his observations on the oedema and thickening of the synovial membrane, because they offer 
an explanation of the lateral displacement of the head of the femur and the palpable thickening of the joint 
which I have so uniformly observed. I have also commented on the fact that the head of the femur returns to 
its normal position in the acetabulum as healing occurs. 

The deformity of the head and the concomitant deformity of the acetabulum that occur in cases un- 
treated or treated too late are due to crushing and flattening of the necrotic head and neck during the cycle of 
degeneration, and can be prevented by early and adequate treatment. 

The essential treatment is rest, which not only prevents bearing of weight upon the soft bone, but also 
overcomes and prevents contraction and spasm of the pelvi-femoral muscles which thrust the head against 
the roof of the acetabulum. Recumbency in bed with sufficient traction to secure relaxation of the muscles is 
the ideal form of treatment, until recalcification of the head is sufficiently advanced to render this precaution 
unnecessary. When the cycle of regeneration is sufficiently advanced, bed recumbency may be replaced by 
ambulation on an extension brace, which prevents the bearing of weight on the affected side. 

Whether the “drilling” operation will materially shorten the course of the disease, I do not know. Its 
proof would require careful observation of operative and control cases that are similar in the duration and 
the extent of the disease. 


Dr. M. N. Smrru-Petersen, Boston, Massacuusetts: This is a characteristic Howorth presentation, — 
a conscientious study of results. 

It is too early to draw definite conclusions; we do not know whether drilling definitely shortens the period 
of protective treatment, nor do we know if it diminishes the deformity. I am sure that Dr. Howorth will follow 
these cases and, in the course of time, give an additional report which will aid us in deciding how valuable 

this form of treatment may be. 
' (Continued on page 756) 
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EXPERIMENTAL INTERVERTEBRAL-DISC LESIONS* 
BY J. ALBERT KEY, M.D., AND LEE T. FORD, M.D., ST. LOUIS, MISSOURI 


From the Department of Surgery, Washington University School of Medicine, St. Louis 


The fact that lesions of the intervertebral disc frequently cause low-back pain with 
sciatica is now generally recognized, and one of us ** has concluded that these lesions are 
practically the only cause of idiopathic low-back pain with or without sciatica, and that a 
recognition of these lesions should supplant the former diagnoses of sacro-iliac and 
lumbosacral strain, subluxation, or arthritis as a cause of these complaints. 

Although thirteen years have passed since Mixter and Barr showed that low-back 
pain with sciatica could be caused by protrusion of an intervertebral disc in the lumbosacral 
region, and that it was possible to relieve the symptoms in many patients by surgical 
removal of the protruding dise material, the operation is by no means a panacea, and end- 
result studies on large series of patients operated upon indicate that, in some of these 
patients, pain and disability of varying degrees have continued after the operation '*? 

Among our own patients operated upon, the failures number between 5 and 10 per 
cent., and about 15 per cent. of the other patients continue to have some pain and dis- 
ability. In considering these results, we were not able to determine the cause of the failure 
in most of the patients studied or even in those operated upon again. We have been fairly 
well convinced that spine fusion is not the answer, and that in our hands, the results with 
spine fusion are no better than they are in those patients in whom the spine has not been 
fused. Likewise, in the patients with persistent pain after the operation for removal of a 
dise, spine fusion has not been successful in relieving the pain. 

We know of no experimental work in which attempts have been made to produce 
posterior protrusions of the intervertebral dises, or to determine the results after the 
operative removal of a disc by the intraspinal route. Haas has shown that excision of the 
dise by the anterior approach may result in fusion of the bodies of the adjacent vertebrae, 
and Keyes and Compere, Lob, and others have shown that similar, less extensive anterior 
lesions of the dises cause changes similar to those noted in hypertrophic spondylitis. 

In this paper a series of experiments will be reported in which an attempt has been 
made to answer the following questions: 

1. Will removal of the nucleus pulposus and vigorous curettement of the disc space 
from the posterior aspect produce fusion of the adjacent vertebral bodies in a dog? 

2. When a ruptured intervertebral disc is removed surgically, should the underlying 
dise space be curetted vigorously, gently, or not at all? 

3. What is the result in the dog when a surgical defect is produced in a disc, similar to 
that made in a human when a ruptured disc is removed and the dise space is curetted? 

4. Is it possible to produce a unilateral protrusion of an intervertebral disc in a dog 
by surgically weakening the annulus fibrosus on that side? 

5. Is it possible to produce a lesion of the intervertebral dise by puncturing the 
annulus fibrosus with a needle? 


MATERIAL AND METHODS 
Fourteen dogs were utilized for the experiment. Under intravenous nembutal anaes- 
thesia, and with aseptic technique, the spinous processes and laminae of the lower four or 
five lumbar vertebrae were exposed. In the first dogs, a total laminectomy was performed ; 
but, after several operations, it was found possible to produce the desired lesions of the dises 
after removing only one-half of the spinal arch. 
* Presented at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 29, 1947. 
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Fia. 1 Fic. 2 


Fig. 1: Dog 9. Gross specimen two days after operation, showing postoperative defects. 
Fig. 2: Sagittal sections of gross specimens of Dog 9 at two days and of Dog 5 at twenty weeks, 
showing early collapse and late fibrosis of Dises 1 and 2. 


At first, older, larger dogs were used, since it was felt that, because of the larger size of 
their nerve roots and cauda equina, the procedure would be simpler. However, the denser, 
thicker bone and the firmer attachment of the soft tissue made laminectomy more difficult 
on these large animals, and it was found easier to work with smaller, younger dogs, 
weighing twelve to twenty pounds. 

Routinely, four adjacent discs were exposed on the left side through the spinal canal. 
The epidural fat was removed with gentle suction, and the nerve root, dura, and its con- 
tents were retracted toward the opposite side. It was found that this retraction had to be 
done quite gently. Failure to do so resulted in paralysis of varying degrees in seven dogs. 
Dog 6 had a complete paraplegia and had to be sacrificed. Six dogs had a partial paralysis 
postoperatively. Five of these recovered completely, but one, Dog 7, with a total mono- 
plegia, was sacrificed when it had not recovered at three and one-half weeks. 

The most caudal intervertebral disc operated upon (usually the seventh lumbar) was 
designated Disc 1; the disc above, Disc 2; the next one above that, Disc 3; and the highest 
one, Disc 4. The following procedures were carried out: 

Disc 1: By the use of a small tenotomy knife, a square window, including posterior lon- 
gitudinal ligament and annulus fibrosus, was removed from the left side of the posterior 
aspect of the disc. With a small curette, the interspace on the left was vigorously curetted 
until it bled. The nuclear material and cartilage thus loosened were removed with the 
curette and with suction. 

Disc 2: The procedure followed was the same as that in Disc 1, except that the space 
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Fia. 3 


Roentgenograms of Dog 4 (left) at five days and Dog 5 (right) at twenty weeks, showing that collapse 
of dise occurs early and does not progress, and that ankylosis does not occur in spite of injury to 
cartilage plate, as seen in Disc 1. 


was curetted gently, and no attempt was made to break through the cartilage plates of the 
vertebrae. 

Disc 3: With the tenotomy knife, an incision was made transversely in the posterior 
longitudinal ligament and annulus fibrosus on the left side. Some nucleus pulposus material 
exuded, but the dise was not curetted. 

Disc 4: A 20-gauge needle was pushed through the annulus fibrosus into the interior 
of the disc. 

All wounds were closed with interrupted sutures of black silk. Of the fourteen dogs 
operated upon, wound infections developed in two; one of them, Dog 3, died and the 
other, Dog 6, which also had paraplegia, was sacrificed. In neither instance did the infee- 
tion involve the dises operated upon. Dog 1 died of distemper at seventeen weeks; two 
animals, Dogs 9 and 4, died of pneumonia two and five days, respectively, after operation. 
Dog 7 was sacrificed at three and one-half weeks, after failure to recover from paralysis. 
The remaining dogs were sacrificed so that spines were obtained from the series of dogs at 
intervals varying from two days to twenty-eight weeks after the operation had been done. 
Upon sacrifice or death of each dog, the lumbar portion of the spine was removed, and 
anteroposterior and lateral roentgenograms were made. The spine was then dissected from 
the posterior aspect. The condition of the spinal canal was noted, and each of the four dises, 
the nerve roots, and the dura and its contents were inspected. The spine was then fixed in 
formalin, after which it was split sagittally. The right half of the spine was retained as a 
gross specimen, and the left half of each of the four discs operated upon, with the adjacent 
bone, was removed and decalcified for microscopic study. 


OBSERVATIONS 
Macroscopic Changes 


In each Dise 1 (window made and vigorous curettage) except one, and in each Dise 2 
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Fia. 4 


Gross specimens. Dog 8 at twenty-two weeks exhibited protrusions at all four dises, and Dog 5 
at twenty weeks exhibited protrusions at Discs 2 and 3 and scar formation at Dises 1 and 2. 
Spine viewed posteriorly, with laminae removed. 


(window made and gentle curettage), collapse of the dise and narrowing of the dise space 
were visible in the roentgenograms and in the sagittal sections of the gross specimen. In the 
latter, the soft bulging nucleus was not present; in the older experiments the nucleus was 
replaced by fibrous tissue. The adjacent nerve roots were adherent to the discs operated 
upon in every instance, and these adhesions were more dense in the experiments of longer 
duration. In stx of these roentgenograms, damage to the bone by the curette was visible at 
Dise 1. 

Moderate protrusion of the disc substance at the site of the operative defect was 
present in three of the first and four of the second dises, and slight protrusion was present 
in four of the first and four of the second dises. In the longer experiments, these protrusions 
were firm and resembled some of the disc protrusions seen in patients at operation. In the 
remaining thirteen first and second discs of this group, the defect in the annulus fibrosus 
was obliterated by fibrin or fibrous tissue, and the site of the operative defect was level 
with or depressed into the dise space. 

In the third discs, the annulus fibrosus in the floor of the spinal canal had been cut across 
with a tenotomy knife for a distance of about one-half the width of the canal, and some 
nucleus pulposus substance was seen to have exuded through the incision in each instance. 
In the gross specimens it was noted that the incision was closed by fibrin in the dogs 
sacrificed very early, and by fibrous tissue in those in which the experiment had lasted long 
enough for this tissue to form. In nine of the fourteen specimens the adjacent nerve root 
was adherent to the third disc, but the adhesions were not so dense or extensive as were 
those which bound the nerve roots to Dises 1 and 2 in the same specimens. The scar of the 
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incision was visible as an interruption of the vertical fibers of the annulus fibrosus and the 
posterior longitudinal ligament. 

In four of the later specimens of the series (dogs sacrificed at twenty, twenty-one, 
twenty-two, and twenty-eight weeks), Disc 3 exhibited a well-developed rupture and a 





Fig. 5-A Fic. 5-B 


Karly surface healing of Dise 2 of Dog 3 at five and one-half weeks (Fig. 5-A) and of Dise 1 of Dog 14 
at eight weeks (Fig. 5-B). Dise cartilage and debris in dise cavity of Dog 14. 





Fic. 6-A Fic. 6-B 

Surface healing in Dise 2 of Dog 14 at eight weeks (Fig. 6-A) and of Dog 13 at fifteen weeks (Fig. 
6-B), with failure of deeper layers of the annulus fibrosus to heal and with dise cartilage displaced 
beneath the thin surface layer. The fifteen-week specimen showed a moderate disc protrusion. 
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Fic. 7-A Fic. 7-B 


Typical dise protrusion at Dise 3 of Dog 5 at twenty weeks (Fig. 7-A), and moderate protrusion of 
Disc 3 of Dog 2 at twenty-eight weeks (Fig. 7-B). 


protrusion of the nucleus pulposus. These were firm, smooth, domelike projections and 
closely resembled disc lesions encountered in patients at operation for the removal of pro- 
truding intervertebral discs. In five other specimens (dogs sacrificed at twelve, three and 
one-half, eight, fifteen, and sixteen weeks), slight protrusion of the intervertebral dise was 
present at the site of the incision in the annulus fibrosus. There was moderate collapse of 
the disc, with narrowing of the intervertebral space of Disc 3 in two dogs and slight 
collapse of the dise and narrowing of the space in six dogs. 

Six of the specimens of Dise 4, which had been punctured once by a 20-gauge needle, 
appeared normal on gross examination. In eight, the site of the puncture could be identi- 
fied as a minute scar; and in three of these, there were slight adhesions between the 
posterior surface of the disc and the adjacent nerve root. In one instance (dog sacrificed at 
twenty-two weeks), Disc 4 exhibited a small but definite and characteristic posterior herni- 
ation and protrusion of the nucleus pulposus at the site of the needle puncture. The 
adjacent nerve root was slightly adherent to this dise protrusion, and there was slight col- 
lapse of this disc with narrowing of the intervertebral space. In the other thirteen speci- 
mens, there was no definite coliapse or narrowing at Disc 4. 

In all fourteen specimens, the dura was adherent to the muscle and fibrous tissue which 
closed the laminectomy defect, and in the dogs sacrificed later these adhesions were quite 
dense, but they did not appear to compress the intradural contents or the adjacent nerve 
roots. As was noted previously, there were in most instances adhesions between the opera- 
tive site in the disc and the anterior surface of the dura and the adjacent nerve roots, but 
the lateral epidural space was filled with epidural fat. 

In one instance (dog sacrificed at sixteen weeks), a small cotton pledget was found 
overlying the site of operation in Dise 1. This was infiltrated with fibrous tissue and was 
bound to-the adjacent structures, but apparently it had not done any harm or produced 
any symptoms. In some of the older specimens, there was some new-bone formation 
posteriorly, with beginning regeneration of the laminae, but in no instance was there any 
evidence of bony fusion of the bodies of the vertebrae. 


THE JOURNAL OF BONE AND JOINT SURGERY 








0) 


0) 
p 
ol 


di 


Ol 


fi 
ni 
di 
la 
a 


as 
be 


sc 


‘ 


| 





yf 


rO- 
ind 
vas 
of 
rht 


lle, 
iti- 
the 
| at 
ni- 


ol- 
C]- 


ich 
ite 
rve 
Tra- 
put 


ind 
vas 
ced 
ion 
ny 


ERY 





EXPERIMENTAL INTERVERTEBRAL-DISC LESIONS 627 





Fic. 8-A Fic. 8-B 


Fibrosis of central part of Dise 1 of Dog 2 at twenty-eight weeks (Fig. 8-A), and cartilage invasion of 
the bone through defect created by curette in cartilage plate of Dise 1 of Dog 14 at eight weeks 
(Fig. 8-B). 


Microscopic Observations 


In the specimens of Dise 1 from dogs which died on the second and fifth days after 
operation, the operative defect was sealed over with fibrin and the dise space contained 
some extravasated blood, bone, cartilage debris, and fibrin. In the later specimens, the 
operative defect was sealed by a layer of fibrous tissue, which was relatively thin, as com- 
pared with the annulus fibrosus, and the density of which increased, the longer the duration 
of the experiment. In those instances where the microscopic section was taken through a 
dise protrusion, the layer of fibrous tissue covering the dise was unusually thin and bulged 
outward from the dise cavity with the displaced cartilage tissue of the nucleus pulposus. 

Microscopic sections of the interior of Dise 1 showed a fluid which contained a thin 
fibrin coagulum. In this were suspended various islets or masses of cartilage from the 
nucleus pulposus, as well as occasional bits of bone and hyaline cartilage, which had been 
detached from the bodies of the adjacent vertebrae by the vigorous curetting. The surface 
layers of these masses of cartilage from the nucleus pulposus were granular in structure 
and stained deeply with eosin; they contained no living cells, and appeared necrotic. The 
fluid in the dise cavity contained very few cells of any sort, except for degenerating blood 
cells where the experiments were of short duration. The detritus from the operative 
trauma had, apparently, disappeared quite slowly from the dise space. In the longer 
experiments there was considerable fibrosis of the dise substance (Fig. 8-A), or at least 
thickening of the annulus fibrosus in the area not involved in the operative defect, and 
there was some invasion of the underlying bone by cartilage in areas where the curette had 
broken through the cartilaginous plate of the vertebra (Fig. 8-B). These areas resembled 
microscopic Schmorl’s nodes. 

The microscopic sections of Dises 2 and 3 exhibited changes similar to those of Dise 1, 
as described before, except that the cartilaginous plates of the vertebrae were intact and no 
bone fragments were found in the dise space. The protrusions were similar to those de- 
scribed; in some of these, a channel could be traced down to the interior of the dise (Fig. 
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Fic. 9-A Fic, 9-B 


Approximately normal Dise 4 of Dog 14 at eight weeks (Fig. 9-A), and protrusion of Dise 4 of Dog 8 
at twenty-two weeks (Fig. 9-B), with minute islets of cartilage distributed through the disorganized 
fibrous tissue of the annulus fibrosus. 


7-A), and this apparently had contained fluid. In others, the protruding cartilage was 
subdivided into two or more masses by fibrous tissue. : 

It was noted that the annulus fibrosus had a very poor blood supply, and that the 
defects in the annulus fibrosus tended to heal at the surface, while the operative defect in 
the deeper layers tended to remain open for a long time (Figs. 6-A and 6-B). 

With the exception of Dog 8, sacrificed after twenty-two weeks, sections of Dise 4 
which were examined (Fig. 9-A) revealed nothing abnormal, and the site of the needle 
puncture could not be identified. In Dog 8, Dise 4 showed disorganization of the annulus 
fibrosus and a protruding disc with minute islets of cartilage scattered throughout the 
fibrous tissue (Fig. 9-B). 

DISCUSSION 

The experiments were performed by operating through the spinal canal in much the 
same manner as the operations on patients for the removal of dise protrusions, and it is 
believed that the experimental lesions are comparable to those produced by operations on 
patients. In none of the experiments was bony ankylosis produced between the bodies of 
the vertebrae. Consequently, it is doubtful that it is practical to curette the disc space 
sufficiently at operation to expect bony fusion to occur. To do so would involve excessive 
traction on and trauma to the adjacent nerve root, and would not be good surgery. 

In the experiments, the collapse of the vertebrae, with narrowing of the dise space, 
occurred promptly after the operation and was not seen to progress throughout the dura- 
tion of these experiments (Fig. 2). The production of posterior protrusions of the nucleus 
pulposus, on the other hand, appeared to be a slowly progressive phenomenon. The earliest 
well-developed protrusion was noted in a specimen removed twenty weeks after the opera- 
tion. Apparently the surface of the defect heals over with a thin layer of fibrous tissue, 
while the deeper part of the defect remains unhealed and in communication with the 
cavity in the disc. This cavity is filled with fluid which is under pressure and which causes 
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bulging of the thin surface tissue; some of the freely floating disc cartilage is displaced into 
the protrusion and becomes fixed there. 

The protrusions were more prominent and slightly more numerous in the third dises, 
which were merely incised and not curetted, than they were in the first or second dises, 
which were curetted. However, it did not seem to make much difference whether the 
curetting was gentle or vigorous, since the postoperative protrusion formation was about 
the same in each instance. It is possible that the protrusions would occur more frequently 
in an upright animal, where the pressure within the disc is greater, but the muscle tone and 
movement in the dog are evidently sufficient to cause typical protrusions of the nucleus 
pulposus into the spinal canal, if the posterior portion of the annulus fibrosus is weakened 
by a surgical incision which is permitted to heal. 

In the fourteen dises (all Dise 4) which were punctured once (not aspirated) by a 
20-gauge needle, a typical protrusion occurred in one instance. This indicates that this 
same phenomenon may occur in patients—as reported by Pease and others—and that a 
complicating infection may not be necessary for the production of a pathological disc le- 
sion after injury to the dise during a lumbar puncture. 

After operation on Discs 1 and 2, the constant presence of adhesions which involved 
the adjacent nerve roots was especially impressive, and they are a possible cause of symp- 
toms in patients in whom the spinal canal has been explored after an unsuccessful dise 
operation. 

The authors believe that during disc operations the nerve roots should be protected 
from trauma in every way possible. The dise space should be gently, but thoroughly, 
curetted, without any attempt to break through the cartilaginous plates of the vertebrae; 
and everything possible should be done to prevent postoperative adhesions involving the 
nerve roots. 

The experiments suggest that the primary lesion which leads to a protrusion of an 
intervertebral dise is a weakening of the posterior portion of the annulus fibrosus. This 
may be due to degenerative changes or to injury. The degenerative changes in the nucleus 
pulposus appear to be secondary, as suggested by Eckert and Decker. 
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DISCUSSION 


Dr. Epwarp L. Compere, Cuicaco, ILurNots: We are indeed indebted to Dr. Key and Dr. Ford for this 
excellent experimental study, in which they have answered to a considerable degree some of the many prob- 
lems which have puzzled all of us who have had occasion to deal clinically with the problem of the inter- 
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vertebral disc. One should perhaps mention the fact that in laboratory animals, such as the dog, the nucleus 
pulposus is much more fluid than it is in the human, with the exception of the infant. Slight injuries to the 
annulus fibrosus would be more likely to produce extravasation of the gelatinous fluid in the dog than in the 
adult human, in whom the nucleus pulposus is pulpy and not fluid. 

Also, as mentioned by the essayists, in the dog the pressures exerted on the intervertebral dise before and 
after injury are those produced by the muscles, and are not so great as in animals in which the spine is 
vertical most of the time. 

About ten years ago, Dr. Donald Keyes and I carried out similar experiments on the monkey. The 
monkey does assume the upright position. Upon injury to the annulus fibrosus, there was almost immediate 
collapse of the dise space. This would not occur in the human being, because of the difference in the nature of 
the content of the disc. In the human, the pulpy material would be expressed over a long period of time 
after the injury. 

In all of the monkeys, arthritic changes developed on the margins of the vertebrae, following loss of the 
disc material. The intervertebral disc is an important structure, essential to the normal physiology of the 
spine. It is the shock absorber between the vertebral bodies, and it keeps them from striking against and 
eroding each other. When the disc is lost as a result of surgical removal or of intervertebral injuries, backache 
may persist for months or years, unless the spine is stabilized. 

I am pleased to note that vigorous curettement of the disc has been condemned by Dr. Key and Dr. Ford 
on the basis of their experimental results. 

I am not willing to accept the reports of several neurosurgeons that they were able to fuse the vertebral 
bodies by simply curetting the dise space. In reviewing my cases over a period of ten years, I have not 
found one in which there was demonstrable evidence of fusion between the vertebral bodies after dise 
removal. The same was true in our experiments in which monkeys were used. bout eight months ago, Dr. 
Paul Milligan, one of our orthopaedic residents, began a series of experiments with dogs. He removed the 
dises through the spinal canal. In one group of animals, the spine was not supported. In a second group, he 
performed an interlaminal fusion. The animals have not been sacrificed, but it is our impression from study 
of the roentgenograms that there are less degenerative changes in the spines of those dogs in which the 
laminae were fused. In none of the dogs where the dise was merely curetted has fusion taken place 


Dr. Lee T. Forp (closing): I wish to thank Dr. Compere for his kind remarks. 

The reason we have not done a fusion operation in our cases is because of clinical experience, not because 
of experimental work. Dr. Key has, in the past, combined the disc operation with spine fusion, but has not 
been satisfied that the result is more satisfactory than that obtained by merely removing the offending disc. 


DISCUSSION 
BoNE AND JoINT CHANGES IN HEMOPHILIA 
(Continued from page 600) 


layed coagulation time being unknown, the treatment is non-specific and unsatisfactory. It is the opinion of 
most research workers that the cause is a decreased amount of plasma thromboplastin, and it is hoped that 
further investigation may develop some purified form of thromboplastin which will be of real help. In the 
meantime, one must resort to the application of fresh blood or plasma and pressure to superficial cuts and 
lacerations; transfusions of blood, thirty to forty cubie centimeters every few hours, should be administered 
until early healing has been accomplished. In cases of emergency, operations may be undertaken if small 
quantities of blood can be administered several times before operation and continued through the healing 
period after operation. These measures may suffice for procedures which involve little cutting of deep tissues, 
but those which involve section of the bones or extensive severance of muscles may result in uncontrollable 
bleeding. When the factor of infection and tissue sloughing is introduced, the problem is so greatly compli- 
cated that most patients do not survive. 

I am unable from my own experience to comment on cases of pseudotumor, as described by the authors. 
I have treated two adolescent boys who had contractures of the knee after repeated intra-articular hemor- 
rhages. Both patients had resorted to the use of crutches, because of inability to straighten the knee. In both 
cases the condition was corrected rather easily by gradual stretching in plaster; the patients subsequently 
used braces for several months, regained, for the time being, useful ranges of motion, and were able to walk 
without crutches. 
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ASEPTIC NECROSIS IN GAUCHER’S DISEASE 
BY ALVIN M. ARKIN, M.D., AND ALBERT J. SCHEIN, M.D., NEW YORK, N. Y. 
From the Mount Sinai Hospital,* New York City 


In a previous paper, the authors described and attempted to classify hip-joint changes 
in Gaucher’s disease. Apart from the statement that changes in the femoral head in children 
resemble those of Legg-Perthes disease, and that the ultimate changes in the hip joint in 
adults might be of degenerative origin and might be secondary to these childhood lesions, 
no attempt was made to interpret the pathological-physiological background for these 
changes. Subsequently, in the one patient treated by prolonged relief from weight-bearing, 
almost complete restitution of the femoral head took place. At about the same time, cases 
of Gaucher’s disease in adults were encountered, which markedly resembled cases of 
‘aisson disease, at least with regard to the bone changes. In addition, in one of our adult 
cases, roentgenograms taken during childhood indicated that the condition actually had 
begun, as we had hypothesized, in childhood as a Legg-Perthes-like condition. 

These facts strongly suggest that one of the determining factors in the occurrence of 
hip-joint manifestations in Gaucher’s disease is the presence at some time, in childhood or 
adult life, of aseptic necrosis in the femoral head. Phemister discussed the known and un- 
known causes of such changes. Although he included the lesions of traumatic origin, such 
as fractures and dislocations involving the known blood supply of the injured parts, and 
the non-traumatic lesions, such as caisson disease, arteriosclerosis, osteochondritis dis- 
secans of the hip in adults, and Legg-Perthes disease and the other osteochondroses of 
childhood, he did not include Gaucher’s disease. He did mention that he had seen collapse 
of the femoral head with osteo-arthritis of the hip in Gaucher’s disease, which resembled 
idiopathic osteochondritis dissecans of the hip in adults. 

This paper is presented for the purpose of drawing together these various observa- 
tions, as they are related to the occurrence of a pattern which suggests that aseptic necrosis 
of bone is a significant factor in Gaucher’s disease of bone. 
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Fig. 1-A 


December 1939. Early changes simulating Legg-Perthes disease. 


* Orthopaedic Service of R. K. Lippmann, M.D. 
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Case 1 (Case 1 in the previous paper). M. D., a German-Jewish girl, was ten years of age when admitted 
to the Mount Sinai Hospital on October 18, 1939. The diagnosis of Gaucher’s disease was made, and was 
confirmed by sternal-bone-marrow puncture. Roentgenograms showed clubbing of the lower ends of both 
femora. The left hip showed early femoral-head changes, resembling Legg-Perthes disease (Figs. 1-A and‘1-B), 
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Fig. 1-B 
May 9, 1940. Further necrotic changes in the femoral head. 











Fig. 1-C 
September 14, 1941. Early regeneration of capital epiphysis. 
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Fic. 1-D 
February 1943. Only a small area of increased density remains in the center of the femoral head. 





Fic. 1-E 


January 1944. Apparent reconstitution of the head, resembling healed Legg-Perthes disease 


She improved rapidly, both clinically and by roentgenogram, with bed rest. Roentgenographic examina- 
tion in September 1941 showed definite, though partial, reconstitution of the structure of the head (Fig. 1-C). 
On October 22, 1942, reconstruction of the head, as checked by serial roentgenograms, had proceeded so far 
that gradual resumption of weight-bearing was allowed. 

The patient was again seen early in 1943 (Fig. 1-D). She walked well, without pain. The angle of greatest 
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flexion was 80 degrees; the angle of greatest extension was 180 degrees; external rotation was 0 degrees, in- 
ternal rotation 25 degrees; abduction was 10 degrees, adduction 25 degrees. 
7 


The girl returned to school on May 25, 1944. Her last examination, on July 27, 1944, revealed that the 
angle of greatest flexion had increased to 65 degrees. There was slight restriction of abduction and rotation, 
This is the only case report the authors could find in which reconstitution to a state 
approximating normal, roentgenographically and clinically, occurred in a case of Gaucher’s 
disease, involving the femoral head and hip joint, while the patient was under observation. 
Presumably, this fortunate outcome was due, as is true in Legg-Perthes disease, to protec- 








Fig. 2-A 
September 29, 1925. Infiltration into both femoral heads during adolescence. Legg-Perthes-like 
changes in the left femoral head. 














Fic. 2-B 


June 7, 1929. Healed stage, showing flattened mushroomed heads which resemble the healed stage 
of Legg-Perthes disease when the heads have not been protected. 
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tion from weight-bearing while the necrotic-appearing, reorganizing bone and cartilage of 
the involved joint were still in the plastic stage. It remains to be seen whether further 
changes during late adolescence and adult life will ensue, including hypertrophic osteo- 
arthritis. However, during the five years in which the girl has been under observation, all 
changes have been in the direction of improvement and not regression. 

Indeed, it is likely that one of the reasons for the advanced degenerative changes seen 
in adult patients has been the lack of protection in childhood from weight-bearing, during 
the pliable stages which occur in this hip condition. The following case is an example of this. 

Case 2 (Case 8 in the authors’ previous paper and reported in detail by Melamed and Chester.) In this 
man, 8. F., the diagnosis of Gaucher’s disease was established by splenic puncture. His symptoms began in 
1921, at the age of twelve, and were marked by generalized bone tenderness; by 1930, spinal pain and de- 
formity (gibbus) were present. 

Roentgenographic study showed numerous collapsed vertebrae. The pelvis showed cystic changes in the 
innominate bones, especially near the acetabulum. The femoral heads were flattened and irregularly mush- 
roomed. Cystic changes were present throughout the heads and shafts, with broadening of the latter. The 
lower ends of the femoral shafts showed the typical clubbing or bottle shape. Other less marked changes were 
present in the right fibula and tibia, as well as in the left radius and right humerus (Figs. 2-A, 2-B, 2-C, and 
2-D). Postmortem examination showed the osseous type of Gaucher’s disease. There was involvement of the 
lymph nodes, liver, spine, pelvis, right humerus, and left radius. 

The hip changes were only incidental in the clinical picture and gave rise to few symp- 
toms or signs. Only recently have the patient’s original roentgenograms, taken during 
adolescence, been found in the library of the X-ray Department (Fig. 2-A). These show 
the earlier condition of the hip joints, which resembled the infiltrative, Legg-Perthes-like 
process seen in Case 1. This patient had not had adequate protection from weight-bearing 
during childhood, and this may have been a factor in the deforming change which devel- 
oped in the hip joints. Here, however, the splenectomy, with its resultant increase of Gau- 
cher-cell deposition in the bone marrow, may have played a major role in causing softening, 
compression, and degeneration in many of the bones, notably in the spine. 

Case 3. A. 8., a male, aged thirty-nine, stated that, in 1921, he had accidentally stepped on a nail and 
a tetanus infection had developed. Two weeks after this, an infection of the shaft and trochanteric region of 
the left femur had developed. This required operative intervention on several occasions during the following 
six years. In 1927, the patient felt well enough to return to his regular work. The entire wound was completely 
healed, and he was asymptomatic. In February 1933, the patient had a fracture of the left mandible. The 
roentgenograms taken at that time suggested a pathological fracture. In 1939, he had pain in the right hip 
region with slight fever. The fever readily subsided, and a diagnosis of arthritis with partial ankylosis of the 
right hip was made. The patient then returned to his regular work, where he remained for two years. 

When next seen, physical examination revealed the following: There was anincrease in lumbar lordosis, 
with a right-thoracic left-lumbar scoliosis. The patient walked with a bilateral hip limp. The Trendelenburg 
test was positive on the left side. The left lower extremity was one and one-quarter inches shorter than the 
right. Motion at both hip joints was markedly restricted. In the left hip the angle of greatest flexion was 50 
degrees; the angle of greatest extension was 165 degrees. There was marked restriction of adduction and ab- 
duction, as well as of internal and external rotation. Motion of the right hip joint was similarly limited. The 
angle of greatest extension was 165 degrees, and there was marked limitation of abduction and adduction 
and of internal and external rotation. Abdominal examination disclosed the presence of a large spleen. 

Roentgenographic examination of the pelvis, including both hip joints, showed advanced destructive 
arthritis, strongly resembling aseptic necrosis. Incidentaily, a marked increase in density of the fourth lumbar 
vertebra was seen (Fig. 3). 

Significant laboratory tests were the following: 


Serum calcium 10 milligrams per 100 cubic centimeters 
Serum phosphorus 3.2 milligrams per 100 cubic centimeters 
Serum phosphatase 12 King-Armstrong units 


The bone-marrow study showed the presence of Gaucher’s cells. 

In this patient, because of the history of supposed recurrent osteomyelitis, Gaucher’s 
disease was not suspected until roentgenographic studies had been made, which showed 
the advanced changes in the hips and in the fourth lumbar vertebral body. The sple- 
nomegaly was then noted. The diagnosis was made definite by aspiration and biopsy of 
sternal bone marrow. 
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Fic. 3 


March 23, 1943. Disintegration of both hip joints, due to aseptic necrosis in Gaucher's disease. 
Note density of fourth lumbar vertebral body. 


The roentgenographic changes in the hips suggested the end stages of advanced 
aseptic necrosis of both femoral heads, with more destruction on the left side; some of 
these changes may have been due to operative trauma or secondary infection, as a result 
of the several surgical attacks made on the lesion years before. The increased density of the 
fourth lumbar vertebra is likewise suggestive of aseptic necrosis of the bone, rather than of 
actual infiltration of Gaucher’s cells, which presumably would have caused a rarefied 
lesion. 


Case 4.8. N., a male, aged fifty, when seen in March 1944, presented the following history: Twenty-six 
vears before, an attack of “sciatica” had developed on the right side, which kept him in bed for six weeks 
The pain was intense and radiated from the right hip to the right knee. He entered the United States Army 
shortly thereafter, and remained well until four years ago. He stated that at that time he had a recurrence of 
severe pain in the right thigh, which confined him to bed for eight weeks. Thereafter, he remained asympto- 
matic until two years before admission, when pain developed in his left shoulder. At a Veterans Hospital, a 
diagnosis of bursitis was made. He was given a course of diathermy and recovered within six weeks. He re- 
mained well until one year ago, when severe pain developed in his left hip, radiating down into the left knee 
He returned to the Veterans Hospital, where a number of teeth were removed. Diathermy treatments to 
the left hip were given for a period of seven weeks. The recovery was incomplete, and he continued to have 
pain in the left hip region. Pain recurred in the left shoulder, associated with progressive limitation of abduc- 
tion. A limp also developed on the right side, because of recurrent sharp pain in the right thigh and knee. 

Physical examination revealed that the patient had great difficulty in bearing weight because of pain in 
both lower extremities; this pain was located in the hips, thighs, and knees. He walked with a bilateral limp. 
There was marked atrophy of the right thigh and buttock. Motions of the right hip were restricted to a maxi- 
mum flexion of 100 degrees; adduction and abduction, and internal and external rotation were absent. Mo- 
tions of the left hip were also markedly restricted in all directions. Abduction of the left shoulder was limited 
to an angle of 110 degrees. 

Roentgenographic examination of the pelvis (done previously at the Mount Sinai Consultation Clinic) 
disclosed a destructive arthritis of the right hip joint, resembling the aftermath of aseptic necrosis of the fem- 
oral head (Figs. 4-A and 4-B). Roentgenographic examination of the right femur showed areas of density in 
the lower portion of the shaft, resembling aseptic infarction (Fig. 4-C). Roentgenographic examination of the 
left shoulder suggested aseptic necrosis with degenerative arthritis of the head of the humerus (Fig. 4-D). 
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Significant laboratory tests were the following: 
Serum calcium 4 
Serum phosphorus 2.7 


7.4 milligrams per 100 cubic centimeters 
milligrams per 100 cubic centimeters 


Sternal-marrow study showed the presence of Gaucher’s cells. 


In this case, on the basis of the clinical examination and the roentgenographic findings, 
a tentative diagnosis of caisson disease was entertained, but no corroborative history of 
industrial or other exposure could be obtained. This case, then, would have corresponded 
with Phemister’s cases of aseptic necrosis of unknown etiology of the femoral heads, hu- 
meral head, and a femoral shaft, if a routine sternal-bone-marrow puncture had not shown 
that the basic nature of the condition was Gaucher’s disease. Here, as in several of the other 
cases, there were no symptoms related to the shaft lesion; and the manifestations in the 
joints were relatively mild, considering the extensive bone changes. 

Case 5. J. G., a woman, aged twenty-four, had had a diagnosis of Gaucher’s disease at the age of thirteen 
at another hospital, confirmed by sternal-marrow puncture in the Out-Patient Department and wards of the 
Mount Sinai Hospital. She had had intermittent and chronic anaemia, purpura, weakness, delayed develop- 
ment, and enlargement of the liver and spleen. Recently, the only symptom was pain in the right knee without 
swelling, but with some restriction of motion. Bilateral bruising and diffuse aches of the lower portions of the 
legs had habitually been present since childhood. 

Physical examination was negative, except for a slightly enlarged liver, which was palpable one finger’s 
breadth below the right costal margin; a huge spleen, reaching down almost to the edge of the pubis, but 
freely movable and ballotable; and recurrent eechymoses over the legs and ankles. 

Roentgenographic examinations (Fig. 5) of the femoral shafts showed the typical clubbing or “ leather- 
bottle” shape of the lower portion. There were associated rarefying changes in the left femoral shaft, suggest- 
ing cyst formation. The upper portion of the left tibia showed a mild sclerosing lesion of the metaphyseal 
region, reminiscent of absorbing caisson disease or aseptic infarction of bone. 


This is another case in which, among the other typical bone changes associated with 
Gaucher’s disease, the areas of increased density in the upper left tibial metaphysis indi- 
cated the presence of bone infarction similar to that occurring in caisson disease, but due, 
not to embolism, but rather to infiltration of Gaucher cells. In caisson disease, shaft lesions 
away from the joint do not usually cause symptoms, but this patient had a definite histury 
of knee-joint irritation. This frequently accompanies the changes in the lower portion of 
the femur, associated with Gaucher’s disease. 

Cask 6. F. R. (Case 7 in the previous paper and Hospital No. 417222). This case was previously reported 
because of the changes in both hip joints. Of interest was a pathological fracture of the left tibia, two inches 
below the knee, which occurred in March 1934. This fracture healed slowly, and union was firm in May 1935. 


Roentgenographic examination on January 22, 1943 (Fig. 6), showed a femur with 
typical Gaucher clubbing, infiltration, and cystic changes. The left upper portion of the 
tibia showed an area of increased density in the medullary metaphyseal region, suggestive 
of bone infarct as seen in caisson disease. However, this, plus the slight bowing of the 
upper portion of the left tibia, may be in part due to the old pathological fracture. 

DISCUSSION OF PATHOGENESIS 

The pathology of this disease has not been studied with special reference to the pres- 
ence or absence of aseptic necrosis. The most exhaustive study, summarized by Pick, 
contains no mention of this aspect, although he speaks of large nodules in the medullary 
cavity, which, however, are not specifically described as of increased density. He speaks of 
Gaucher-cell infiltration as follows: ‘‘Invasion of the head of the femur, with depression 
fracture and resulting deformity, leads to a deforming arthritis of the hip joint’’; but he 
does not describe in detail the lesions or the increased density which we have uniformly 
noted in our cases. 

Pure Gaucher-cell infiltrations are characterized by radiolucency and rarefied areas in 
‘bone. How, then, may we explain the areas of increased density noted in the femoral 
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Fig. 5 Fic. 6 


Fig. 5: Case 5. Roentgenograms of the left femur, showing typical Gaucher changes. Upper portion 
of the left tibia shows a mild sclerosing lesion of the metaphyseal region, reminiscent of absorbing 
caisson disease or aseptic infarction of bone. 

Fig. 6: Case 6. January 22, 1943. Typical Gaucher's disease of the left femur, with clubbing, infiltra- 
tration, and cystic changes. The upper portion of the left tibia shows an increased density in the medul- 
lary metaphyseal region, suggestive of bone infarct as seen in caisson disease. Also note slight bowing 
of upper portion of tibia, due to old pathological fracture. 


heads and the shafts of various bones, as mentioned in the case reports? We believe the 
most likely explanation is that the Gaucher cells, which are known to surround and infil- 
trate small arteries and capillaries, at times sufficiently cut off circulation to produce asep- 
tic necrosis of bone. Certainly, roentgenographically and clinically, the course closely 
parallels that of aseptic necrosis of bone of other etiology in which the pathology has been 
confirmed. 


_ Nore: The authors gratefully acknowledge their debt to R. K. Lippmann, M.D., who suggested this 
investigation. Thanks are due to Benjamin B. Greenberg, M.D., for permission to report Case 5. 
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COEXISTING MULTIPLE MYELOMA AND PAGET’S DISEASE OF BONE 
TREATED WITH STILBAMIDINE 


BY CARL REICH, M.D., AND ALEXANDER E. BRODSKY, M.D., NEW YORK, N. Y. 
From the Lenox Hill Hospital, New York City 


The object of this report is, first, to describe a case of coexistent multiple myeloma 
and Paget’s disease of bone (Figs. 1 and 2), and second, to set forth the authors’ experiences 
with stilbamidine in treating this case of multiple myeloma. 

The authors have been unable to find any record in the literature of the coexistence 
of Paget’s disease of bone and multiple myeloma, although Snapper '° had one such case, 
confirmed by necropsy. The diagnosis of multiple myeloma was definitely established in 
this case by sternal-marrow studies, but no biopsy material could be obtained from the 
affected left hip. However, the roentgenographic appearance of the femur unquestionably 
fulfills the classical criteria of Paget’s disease of bone. 

The authors are unable to explain the appearance of these two disease entities in 
their patient, or to postulate any tenable cause-and-effect relationship of the two. How- 
ever, we feel that it is important, especially for diagnostic significance and for proper man- 
agement of the patient, to point out that the two may coexist. Upon looking at the pa- 
tient’s roentgenograms, one might at first be tempted to explain the picture on the basis 
of Paget’s disease alone, for the areas of circumscribed osteoporosis, which in this case 
were caused by multiple myeloma, could have been interpreted as the ‘‘osteoporosis cir- 
cumscripta”’ of early Paget lesions, which they resemble *’. 

The patient reported here was treated elsewhere for four years without the multiple 
myeloma being detected, but, after diagnosis had been established, stilbamidine therapy 
relieved his pain. Thus it may well be that similar cases have occurred, where the multiple 
myeloma was not diagnosed because of the absence of Bence-Jones proteinuria and be- 


” 


“ause sternal-marrow studies were not done. 

The frequency with which multiple myeloma and Paget’s disease are to be found in 
the same patient is a matter for speculation. However, those who have reported on the 
pathology of Paget’s disease have failed to mention plasmocytic changes in the marrow of 
such patients at necropsy *°°, and Tronchetti failed to note any characteristic or unusual 
features in the marrow of three patients with Paget’s disease. Nevertheless, we believe 
that the case reported here would indicate the advisability of excluding multiple myeloma, 
by means of bone-marrow studies, in those cases of Paget’s disease where there are areas 
of circumscribed osteoporosis, even in the absence of Bence-Jones proteinuria and hyper- 
globulinaemia. 

Because the roentgenographic appearance of Paget’s disease occasionally is simulated 
by metastases of carcinoma of the prostate, a careful work-up was done to exclude this 
possibility; no prostatic or other condition that might produce this picture was found. 
The additional possibility of multiple myeloma producing Paget-like changes in the 
roentgenogram can be ruled out by the absence of any mention of such an occurrence in 
the numerous reports on multiple myeloma '*. All accounts of multiple myeloma concur 
in describing the bone lesion as a discrete area of decalcification, distinguished by the 
complete absence of any adjacent sclerosis and altogether without any resemblance to 
Paget’s disease (Fig. 2). 

CASE REPORT 
W. L., a white salesman, fifty-two years old, was admitted on November 11, 1946, complaining of con- 
stant pain, of four years’ duration, in the entire back and in the anterolateral portions of both sides of the 
thorax, as well as recurrent, mild aching pain in both shoulders. He had become round-shouldered and shorter 
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in height. Prior to admission, the patient had been treated for “arthritis of the spine’’; he had received 
physiotherapy, orthopaedic appliances, and various injected medications elsewhere without benefit. He had 
been forced to stop working three years before, and had lost forty pounds during the past few years, from a 
previous high of 246 pounds. He had noted no increase in hat or glove size. 

His past history revealed that a cholecystectomy had been performed in 1936, followed by wound 
dehiscence and postoperative pneumonia. A large incisional hernia ensued, and was repaired successfully in 
December 1945. He had had pneumonia twelve times since 1919, with the last nine episodes occurring in the 
past four or five years, usually biannually. The response to chemotherapy had always been prompt, with 
complete resolution. The last such attack occurred during the present stay in the hospital, and resembled the 
previous attacks. For several years he had noted hoarseness and a chronic cough, which he attributed to 
excessive smoking. 

Examination disclosed a heavy-set, well-nourished white male of swarthy complexion with a protu- 
berant abdomen; he stood on a widened base, with his hands on his hips in an effort to maintain erect pos- 
ture. There was no definite limp, but his gait lacked normal resiliency. The entire thoracolumbar spine was 
completely rigid, with loss of lumbar lordosis and with tenderness to percussion over the lumbar spine. There 
was moderate limitation of abduction and internal rotation of both hips, but motion of the shoulders and 
cervical spine was normal. The head was free of tenderness, enlargement, asymmetry, deformity, or exostoses. 
Mirror examination of the larynx revealed diffusely oedematous hyperaemic vocal cords which moved slug- 
gishly. The thorax was emphysematous, with point tenderness along the eighth and ninth ribs in the anterior 
axillary line on the right. In both hilar regions there were moist rhonchi which disappeared after coughing. 
The abdomen was negative, except for a healed transverse incisional scar in the right upper quadrant. Rectal 
examination was negative, revealing a soft, symmetrical, non-tender, small prostate. 

Roentgenographic examination showed marked diffuse osteoporosis of the thoracolumbar spine with 
ballooning of the intervertebral discs and wedging and compression of the bodies of the fourth, sixth, seventh, 
and eighth thoracic vertebrae. The cervical spine was well calcified and showed only mild hypertrophic 
changes. The upper portion of the left femur presented the characteristic picture of Paget’s disease of bone 
expansion of the cortex, irregularity of the medullary canal, cotton-wool irregularity of the periosteal con- 
tours, cross-hatch striations, and areas of decreased bone density, irregularly interspersed with areas of bone 





Fic. 1 


Roentgenogram of the pelvis, showing Paget’s disease of the upper portion of the left femur; and, in 
the upper portion of the right femur, two large, sharply circumscribed punched-out areas in the inter- 
trochanteric region. Less readily apparent are the many small decalcified areas in the pubic rami. (This 
roentgenogram has been reversed. ) 
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Fig. 2: Roentgenogram of the right shoulder, taken at the 
same time as Fig. 1, illustrates numerous cystic areas of 
varying sizes in the upper portion of the humerus. There Fic. 3 
is no adjacent bone sclerosis. The diffuse mottling of the : 
ribs by similar punctate decalcifications is quite striking. 


Fig. 3: Photomicrograph shows a myeloma cell containing large basophilic granules in the cyto- 
plasm, after completion of the stilbamidine therapy. These granules were not present in any of the 
myeloma cells before treatment. Note the eccentrically placed nucleus and the large nucleolus. 

sclerosis). The upper portion of the right femur showed several moderately large decalcified areas without 
adjacent sclerosis. Similar areas, from one to three centimeters in diameter, were present in the upper por- 
tions of both humeri, and punctate decalcification of the ribs was noted. The chest plates showed only ac- 
centuation of the bronchovascular markings. The skull films were negative, except for increased vascular 
markings. 

Blood count and urinalysis were normal, except that in the former there was a relative lymphocytosis. 
The blood serum calcium (10 milligrams per 100 cubic centimeters), serum phosphorus (3.3 milligrams per 
100 cubic centimeters), and alkaline phosphatase (5.6 Bodansky units) were also within normal limits. 
Numerous examinations of the urine for Bence-Jones protein were negative. Other laboratory tests were 
within normal limits. 

With these findings, there was a tendency to attribute the patient’s symptoms and his appearance to 
Paget’s disease. The possibility of coexisting osteitis fibrosa cystica was entertained, but this was later re- 
garded as untenable. The presence of multiple myeloma was suspected, because of the roentgenographic 
appearance of the decalcified areas in the shoulders, ribs, and right femur, in spite of the absence of Bence- 
Jones proteinuria. Therefore, after a positive formol-gel test for hyperglobulinaemia, and the discovery of a 
high total serum protein (11.1 grams per 100 cubic centimeters) and a high serum globulin (6.9 grams per 100 
cubic centimeters), a sternal-marrow aspiration was performed. The presence of large numbers of myeloma 
cells conclusively established the diagnosis of niultiple myeloma. The material obtained at three separate 
sternal punctures—one before stilbamidine therapy, on November 22, 1946, and the last two after the in- 
stitution of stilbamidine treatment, on January 3, 1947, and January 25, 1947—all showed a bone marrow 
greatly infiltrated by myeloma cells. Two types of myeloma cells were noted, which, for descriptive purposes, 
are designated as plasma myeloma cells and plasmablast myeloma cells. The plasma myeloma cell is the one 
usually regarded as the typical cell of multiple myeloma, and was characterized by an irregularly stained 
cytoplasm and an eccentrically placed nucleus with perinuclear halo. The nuclear chromatin of this cell was 
well condensed and stained deeply. However, there were other forms, which we term ‘“ plasmablast myeloma 
cells”, much larger in size, with pale, evenly stained cytoplasm, a much larger nucleus with finely stippled 
chromatin, a nucleolus, and occasionally evidence of amitotic division. 

On November 22, 1946, the patient experienced severe shaking chills and malaise, followed by a rise in 
temperature to 105.4 degrees within three hours, and a cough productive of blood-tinged sputum. Examina- 
tion revealed only persistent moist réles posteriorly, over the lower lobe of the right lung field. Penicillin was 
started immediately (50,000 units every three hours for the first twelve hours, and then 30,000 units every 
three hours for five days). Chest roentgenograms revealed a wedge-shaped consolidation, extending from the 
hilus into the right lower lobe. Sputum culture disclosed no specific organism. His temperature dropped to 
100.2 degrees within twelve hours and to normal within seventy-two hours, with disappearance of all symp- 
toms and with the uneventful resolution of the pulmonary consolidation. 

Dr. I. Snapper saw the patient in consultation on December 11, 1946, and concurred in the diagnosis of 
multiple myeloma and Paget’s disease. The patient was then placed on a diet free of all animal protein except 
for fourteen ounces of milk, three small servings of butter, and two ounces of light cream daily. He remained 
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on this diet for six and one-half weeks, throughout the period of stilbamidine therapy. A total dosage of 2.85 
grams of stilbamidine was administered intravenously in twenty injections, usually on alternating days. 
Some of the undesirable side effects encountered early in the treatment will be discussed, as well as the man- 
ner in which they can be obviated in other cases. After the fifth injection (a total of 0.7 gram of stilbamidine), 
the patient volunteered that he no longer experienced any back or chest pain. A sternal puncture soon after 
this, on January 3, 1947 (after 1.4 grams of stilbamidine), showed that the cytoplasm of the myeloma cells 
contained aggregations of small basophilic granules which had not been present prior to treatment. At that time 
there was over 50 per cent. return of mobility of the thoracolumbar spine; and, at the conclusion of therapy, 
spine motion was almost completely normal. After the completion of therapy, on January 23, 1947, a sternal 
puncture revealed large numbers of the basophilic granules in the cytoplasm of the myeloma cells, but no 
other changes in the number or morphology of these cells. The other cells of the marrow contained none of the 
granules, and were unaltered in appearance or distribution. There were no significant alterations in differen- 
tial marrow counts in the three sternal-marrow specimens. Since discharge from the Hospital, on January 26, 
1947, the patient has remained free from pain and has led a relatively active life. 


DISCUSSION 


The significance of this report lies chiefly in the coexistence of multiple myeloma and 
Paget’s disease of bone; but, in addition, some of the experiences with stilbamidine will be 
presented. 

Favorable influence on the symptoms of multiple myeloma by the diamidine com- 
pounds, stilbamidine and pentamidine, has been set forth in several recent articles by 
Snapper; and it was decided to try stilbamidine in this case, in view of the generally poor 
results from other forms of therapy. The patient was relieved of all pain after the fifth 
injection (0.7 gram of stilbamidine), and soon after regained painless motion of the spine. 
This clinical benefit (which has continued to date) coincided with the appearance of 
basophilic granules in the cytoplasm of the myeloma cells (Fig. 3), which were not present 
in the specimen examined before treatment. The authors believe that the improvement is 
to be attributed to the drug and not to any natural remission of the disease, as described 
by Geschickter and Copeland, or to any non-specific therapeutic effect. For four years 
there had been no remission of pain and no relief from a variety of non-specific therapeutic 
measures. 

As a result of experience with this case, we wish to emphasize that stilbamidine can 
produce distressing side effects, which can easily be obviated by certain simple precautions. 
The powder should be dissolved in a sterile fashion in about ten cubic centimeters of 
sterile distilled water and administered very slowly intravenously, preferably with a 
small-gauge needle. The patient should be supine during and for a short while after the 
injection, for the drug has a powerful vasodilator action, producing a fall in blood pres- 
sure; with the patient in the upright position, this may cause syncope and collapse. Within 
less than a minute after the beginning of an injection, the patient noted the rapid spread of 
a sensation of heat in the face, scalp, perineum, and, at times, in the extremities, accom- 
panied by the appearance of flushing and sweating. After rising to a peak a few minutes 
after the injection was completed, the blushing, sweating, and sensation of warmth waned 
rapidly. This patient experienced no dizziness, nausea, or formication, as mentioned by 
Snapper *; but when, early in the course of treatment, an injection was given when he was 
in the sitting position, syncope ensued within a few minutes with transient clonic move- 
ments of the extremities, a feeble pulse, and involuntary urination. The patient recovered 
immediately after being placed in bed in the Trendelenburg position. The inadvertent 
extravenous injection of a small quantity of the solution, on another occasion, was fol- 
lowed by localized pain and swelling which persisted for several days. No adverse effects of 
treatment were observed on renal function, hemoglobin, red or white blood cell count, or 
the state of general health. No change in the number or morphology of the abnormal cells, 
other than the appearance of the granules, has been seen by the authors. Likewise, there 
have been no alterations in the morphology or numbers of the other cellular elements of 
the bone marrow, or in those of the peripheral blood. Roentgenographic examination of the 


VOL. 30-A, NO. 3, JULY 1948 








646 C. REICH AND A. E. BRODSKY 


skeleton, following treatment, disclosed no appreciable change in the lesions previously 
noted. 

The basophilic granules which appeared in the cytoplasm of the myeloma cells have 
been described by Snapper, and have been shown to consist of stilbamidine ribonucleate * 8, 
These granules were present in the sternal-marrow specimen taken after the tenth injection 
(a total of 1.4 grams of drug), but were seen in greater abundance after the conclusion of 
therapy. 

No curative value has been claimed for stilbamidine, but it has proved to be an 
effective means of relieving the pain of many patients suffering from multiple myeloma. 
Its side effects can be avoided if certain simple precautions are observed. 


CONCLUSIONS 


Although present evidence does not indicate any relationship between multiple 
myeloma and Paget’s disease of bone, the authors feel that multiple myeloma should be 
ruled out, by marrow aspiration or biopsy, in those cases of Paget’s disease with well- 
defined areas of decalcification and no adjacent sclerosis. 

In the case presented, treatment with stilbamidine (a total of 2.85 grams) caused 
arly disappearance of all pain and increased spinal mobility. Basophilic granules, which 
had not been present prior to therapy, appeared in the cytoplasm of the myeloma cells. 
The patient experienced no serious or permanent ill effects attributable to therapy. The 
transitory ill effects accompanying the administration of stilbamidine can be avoided by 
certain simple precautions. 

Nore: The authors are indebted to Dr. Henry H. Jordan for permitting these studies to be made on his 
patient; to Dr. D. F. Robertson and Dr. I. Snapper for the supply of stilbamidine; and to Dr. Snapper for 


valuable advice. 
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CUP ARTHROPLASTY OF THE HIP* 


BY WILLIAM H. BICKEL, M.D., ROCHESTER, MINNESOTA 


Section on Orthopaedic Surgery, Mayo Clinic 


AND FRANK 8. BABB, M.D., ROCHESTER, MINNESOTA 


Fellow in Orthopaedic Surgery, Mayo Foundation 


A preliminary survey ! of the results of cup arthroplasty of the hip was made in No- 
vember 1944, in cases in which operation had been performed at the Mayo Clinic from 
June 1939 through December 1942. Although the results in all cases were not all that 
could be desired, they were sufficiently encouraging to justify continued use of this op- 
erative procedure. At that time 111 operations, performed on ninety-one patients, were 
considered. From 1943 through 1945, cup arthroplasty was performed 163 times on 142 
patients; this makes a total of 274 hips and 233 patients treated in this way from 1939 
to 1945, inclusive. A complete follow-up of the entire group now has been made. No cases 
are included in this report in which operation was not done at least one year prior to the 
date of evaluation. All patients have been heard from or examined within the past year. 


PATHOLOGICAL CONDITIONS 
Although in many instances the cause of a distorted hip can be determined from the 
history and from the clinical and roentgenographic findings, this is not always possible. 
Degenerative disease of the hip, commonly known as malum coxae senilis, embraces varied 
pathological conditions, the onset of which may not be remembered or the symptoms from 
which may have been subclinical. Mild slipping of the femoral epiphysis, or Legg-Perthes 
disease, congenitally shallow acetabula, and other conditions would fall into this group. 
Post-traumatic hypertrophic changes are difficult to distinguish from the changes due to 
‘osteo-arthritis of the hip’’. 
The various conditions for which cup arthroplasties have been performed are sum- 
marized in Tables I and II. 
SELECTION OF CASES 
With few exceptions, patients who were advised to have cup arthroplasties at the 
Clinic were having sufficient pain so that they demanded operative interference for its 





Fia. 1 
Old healed pyogenic infection of the hip with abduction flexion deformity and fibrous ankylosis. 
Six years and seven months after operation, the result was good. a, Before operation; b, four months 
after Vitallium-cup arthroplasty, showing short neck and portion of head left in acetabulum; c, seven- 
teen months after operation, motion and function were good. Old head had been incorporated into 
acetabulum. 


* Received for publication in August 1947. 
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TABLE | 


Resuuts oF UNILATERAL Cup ARTHROPLASTY FOR VARIOUS CONDITIONS 
IN 192 Casks (1939 To 1945, INCLUSIVE) * 


Results 
Patients 


Pathological Lesion Teed? 1 
Very Good Good Fair Poor 
Per cent.) (Per cent.) (Per cent.) (Per cent. 
Osteo-arthritis. . . 74 15 36 19 30 
Post-traumatic arthritis 35 29 10 14 17 
Aseptic necrosis 23 22 39 22 17 
Hypertrophic arthritis 2 $2 42 16 
Old healed pyogenic infection of hip 21 33 33 5 29 
Old slipped epiphysis 17 12 29 35 24 
Congenital dislocation 10 20 60 20 
Rheumatoid spondylitis s 12 38 50 
Rheumatoid arthritis 6 50 33 17 
Otto pelvis. 3 67 33 
Legg-Perthes disease 2 50 50 
Osteochondritis dissecans 2 100 
Postgonococeal arthritis 1 
Total and averages 179 21 35 19 25 


* Follow-up data to February 1947. 
t Thirteen patients were not traced. 


relief. In some cases the fixed deformity alone was sufficient to require correction (Fig. 1). 
In cases in which both hips (Figs. 2 and 3) were affected, the surgeon had no choicé except 
to perform cup arthroplasty in an attempt to obtain at least one movable hip. 

Many patients who felt that they were having sufficient distress to warrant an opera- 
tion were advised to pursue a course of conservative treatment. This consisted in limited 
activity, reduction of weight, use of a cane or crutch, physical therapy, and the taking of as- 
pirin. Aged patients and those whose distress the examining physician considered not too 
severe were included in this group. Some additional patients were advised to continue 





: Fig. 2 

Bilateral rheumatoid arthritis of hip with pain and fibrous ankylosis. Five years and six months 
after operation, the result was still poor. a, Before operation; b, eight months after bilateral cup opera- 
tion, the result was poor. 
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Fig. 3 
Otto pelvis; four years after operation, the result was good. a, Before operation; b, eleven 
months after operation. Extensive acetabuloplasty had been done; motion was good 





Fig. 4 
Old slipped epiphysis with very shallow acetabulum and gross deformity of the head of the 
femur; good result four years and seven months after operation. a, Before operation; b, seventeen 
months after operation, showing shallow but adequate acetabulum. 


conservative treatment, because medical examinations indicated that the risk of this 
operative procedure was great for them. 

Patients who had unilateral disease of the hip and whose occupations required heavy 
manual labor were advised to have arthrodesis of the hip rather than cup arthroplasty. 
A few patients absolutely refused to permit arthrodesis of the hip. The possibility of a 
failure after cup arthroplasty was discussed with these patients, and they were told that 
arthrodesis could be carried out if cup arthroplasty failed. 
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TABLE II 


RESULTS OF BILATERAL Cup ARTHROPLASTY FOR VARIOUS CONDITIONS 
IN FortTy-ONE Cases (1939 To 1945, INCLUSIVE)* 


Results 
Pathological Lesion Patients 7 
‘ , solnets Traced t ; 
Very Good Good Fair Poor 
Per cent.) (Per cent.) (Per cent.) (Per cent.) 
Osteo-arthritis...... y 11 33 45 11 
Old healed pyogenic infection of hip 2 50 50 
Old slipped epiphysis . l 100 
Congenital dislocation . 2 50 50 
Rheumatoid spondylitis 12 33 17 50 
Rheumatoid arthritis 4) 11 33 33 22 
Otto pelvis... . l 100 
Legg-Perthes disease 2 50 50 
Total and averages 38 8 34 29 29 


* Follow-up data to February 1947. 
t Three patients were not traced. 


Aged persons who were not in good condition were excluded from the group operated 
upon. The physiological age appeared to be less than the chronological age for most of 
the patients who were in the age group from sixty to sixty-nine years. Included 
also were a few adolescent patients, who presented such severe conditions that operative 
treatment was necessary. Full growth should be obtained, if possible, before cup arthro- 
plasty is undertaken. One of the patients in this series, who was only twelve years of age, 
presented a difficult problem because of aplastic congenitally dislocated hips. Arthro- 
plasty, for which a lucite cup was employed, was performed; and the result, four years 
after operation, was good. 

SURGICAL TREATMENT 

No special immediate preoperative preparation is necessary in these cases. Patients 

who are greatly overweight are forced to reduce before cup arthroplasty is undertaken. 


TABLE III 


RESULTS OF UNILATERAL Cup ARTHROPLASTY ACCORDING TO AGE GROUPS 
IN 192 Cases (1939 To 1945, INCLUSIVE) 


tesults 


Age Patients 
(Years Traced * 
Very Good Good Fair Poor 
Per cent.) (Per cent.) (Per cent.) (Per cent. 
Less than 30. . 31 29 32 10 29 
30 to 39.... 35 31 38 17 14 
40 to 49... 34 9 39 26 26 
50 to 59... 49 22 29 29 27 
60 to 69...... 26 12 $2 19 27 
70 and oyer... 4 50 50 
Total and averages..... : rn 179 21 35 19 25 


* Thirteen patients were not traced. 
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No detailed description of the operative technique is indicated, for, in the main, that 
advocated by Smith-Petersen was employed. Various modifications were made, as dic- 
tated by the individual case and the desires of the surgeon. 

When the acetabulum was too shallow for the cup, it was either reamed out to allow 
room for a freely movable cup (Fig. 4) or supplemented by a shelf to make it sufficient. 
In cases in which ankylosis was nearly complete and a deep acetabulum was present, a 
portion of the head of the femur was left in the acetabulum to make it more shallow (Fig. 
1). Radical acetabuloplasty was done in some instances, so that the cup did not sink 
within the rim of the acetabulum. This procedure was employed most frequently in cases 
of arthrokatadysis (Fig. 3). The head of the femur was always trimmed sufficiently to 
allow the cup to move freely on it (Fig. 5). 

rom the roentgenograms, it was obvious that in some cases the hips were unsuited 
mechanically for a routine cup arthroplasty. The head of the femur was small and the 
neck short, or there was a severe distortion of the neck. Early in the series some attempts 
were made to perform cup arthroplasty on such hips, with poor results (Fig. 6). Although 
only two cases of bilateral Legg-Perthes disease and two of unilateral Legg-Perthes dis- 
ease are included in this report, cup arthroplasty has been performed in several more 





Fig. 5 
xtensive osteo-arthritis of hip with lipping, sclerosis, and cystic changes; the result, six years after 
operation, was very good. a, Before operation; 6, one month after operation, there was extensive trim- 
ming down of head and neck; c, seventeen months after operation, showing absorption of neck beneath 
the cup and a low riding cup. 





Fic. 6 
Bilateral coxa vara and questionable Legg-Perthes disease. a, Before operation; 6, fourteen months 
after operation. Poor position of cup was attendant on unsuitable angle of neck for retention; the 
result was poor. 
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TABLE IV 


RESULTS OF BILATERAL Cup ARTHROPLASTY ACCORDING TO AGE GROUPS 
IN Forty-one Cases (1939 To 1945, INCLUSIVE) 


\ Results 
— Patients 
(Years ah * 
rraced ' : : ~ 
Very Good Good Fair Poor 
Per cent.) (Per cent.) (Per cent.) (Per cent.) 
Less than 30 12 33 33 34 
30 to 39... 14 14 28 21 37 
40 to 49... 3 67 33 
50 to 59. 7 13 13 14 
60 to 69. . 2 50 50 
Total and averages 38 S 34 29 29 


*Three patients were not traced. 


cases since data for this report were collected. Deformity due to Legg-Perthes disease is 
a most difficult type of deformity to deal with. The distorted neck and head of the femur 
frequently are in severe varus position and the acetabulum is shallow and slanting. 
The results, as indicated in Tables I and II, were not dependably good. Now a more 
extensive reconstruction is done, such as a Whitman operation or a Colonna operation, 
supplemented by a cup. 

After operation a Hodgen splint was applied, with moleskin traction on the extremity 
to hold it in internal rotation and abduction until the wound was healed. This usually 
took from twelve to fourteen days. An arthroplasty splint was then applied. The patient 
usually indicated when he felt able to be about on crutches. Most frequently he was able 
to do this in a little less than three weeks after operation. Some, but not all, of the pa- 
tients were given physical therapy. In four to six weeks the patients were usually allowed 
to go home. 

The time at which weight-bearing was permitted depended somewhat upon how 
extensively the head of the femur had been remodeled. If considerable cortical bone was 


TABLE V 


RESULTS OF UNILATERAL Cup ARTHROPLASTY ACCORDING TO SEX AND TYPE oF Cup 
IN 192 Cases (1939 To 1945, INCLUSIVE) 





Results 
Patients 
Traced * | _. , 
Very Good Good Fair Poor 
(Per cent.) (Per cent.) (Per cent.) (Per cent.) 
1 SR a ee eee oe Se aa 105 23 32 28 
es ob g necks ise ow eee ata : 74 18 38 22 22 
Total and averages................ ; 179 21 35 19 25 
WOES bs Soy s8r 0 6 oo oe te 143 21 40 17 22 
RMN oA 04.00 4% ta eres 36 19 19 25 37 
PIPL CETTE TLE 179 21 35 19 25 
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Fic. 7 
Postpneumonic infection of hip of one year’s duration; the result, seven years after operation, was 
very good. a, Before operation; b, two weeks after cup arthroplasty; c, seventeen months after operation. 
Early weight-bearing may have caused absorption of neck of femur. 





Fic. 8 
Old traumatic dislocation of right hip with resultant aseptic necrosis and traumatic arthritis. Five 
years after operation, the result was good. a, Before operation; 6, immediately after lucite-cup arthro- 
plasty; c, two years after operation, showing marked degenerative changes with poor result. There 
was a question as to whether or not the cup had been fractured. 


left, full weight-bearing was allowed early. When it was necessary to trim the head down 
to cancellous bone, more time was allowed for healing and reorganization of this surface 
before full weight-bearing was permitted (Fig. 7). Usually a period of four to six months 


Was recommended. 
POSTOPERATIVE COMPLICATIONS 


Infections in the wound occurred in ten cases. Three of these infections were inconse- 
quential and superficial. The end results were good in two of these three cases and poor 
in one case. In two instances the infections were deep, but the wounds subsequently 
healed with the cups in place; the end results in these two cases were poor. In five cases, 
drainage continued until the cups had been removed; the end results were poor in four 
cases and fair in one case. In one of this last group, the infection was felt to be blood borne, 
since drainage did not appear until five months after operation. Drainage was still occur- 
ring four years after operation. Thrombophlebitis developed in one case after operation. 

In three patients, dislocation of the cups occurred. One was replaced surgically two 
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TABLE VI 


REsULTs oF BILATERAL Cup ARTHROPLASTY ACCORDING TO SEX 
IN FortTY-ONE Cases (1939 To 1945, INCLUSIVE) 











Results 
; Patients 
sex Traced * : ’ 4 a 
Very Good Good Fair Poor 
(Per cent.) (Per cent.) (Per cent.) (Per cent.) 
Males. . 27 12 33 22 33 
Females... 11 36 46 18 
Total and averages. . 38 8 34 29 29 
* Three patients were not traced. 
TABLE VII 
TREND OF RESULTS 
Results 
O ; Patients 
perations Traced = = 
Very Good Good Fair Poor 
(Per cent.) (Per cent.) (Per cent. Per cent.) 
1939 to 1942... SS 17 24 28 31 
1939 to 1945. . 217 18 35 21 26 


weeks after operation and a very good result was obtained. One was replaced by manipu- 
lation under anaesthesia, but the final result was poor enough so that arthrodesis was 
done later. In the third case, further operation was performed elsewhere because of the 
poor result. In several cases the position of the cup was poor and manipulations were 
‘arried out postoperatively, with successful repositioning. 

Excessive proliferation of bone about the cup and the hip occurred in two cases in 
which the disease was unilateral, and ankylosis recurred in both hips in a case of rheuma- 
toid arthritis. It is felt that, if late postoperative roentgenograms could be obtained in 
all cases, bony proliferation about the cup might be disclosed, which would account for 
some of the poor results that have not been explained. 

A rather unique and unclassifiable group of cases were those in which Vitallium-cup 
arthroplasty was employed without success, and the cup then was removed and not 
replaced. In one case of unilateral disease in which this occurred, a good result was ob- 
tained. In two cases in which bilateral operation had been performed, the cups were 
removed, and a Colonna type of pseudarthrosis was established. In both of these cases, the 
hips had been ankylosed at 90 degrees of flexion. Even though the patients walked with 
vanes, the end result was considered good, because the severe preoperative disability had 
been lessened and the patients seemed well satisfied with the results. One patient, who 
had undergone a bilateral operation in which Vitallium cups were inserted, had one cup 
removed without any replacement. The result continued to be poor. A second arthro- 
plasty, in which a Vitallium cup was used, was done in two cases after the head of the 
femur had been remodeled. Good results were obtained. 

In five cases of unilateral disease, fractured lucite cups were removed at operation 
(Fig. 8). In cases of bilateral disease, six fractured lucite cups were removed. Secondary 
procedures carried out on these patients were simple removal, replacement with Vitallium 
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cups, and arthrodesis. The end results varied. In four additional cases in which lucite- 
cup arthroplasty was employed, the cups probably have been fractured, but exploratory 
operation has not been carried out. 

In one case, the femur was fractured during the attempt to dislocate the hip at 
operation. Union was obtained, and later Vitallium-cup arthroplasty was done with a 
fair result. 

RESULTS 

The result was considered to be very good when the patient had no pain, could walk 
up and down stairs, tie his shoes, and walk without assistance and without a noticeable 
limp. A good result was considered to have been obtained when the patient had little or no 
pain, could walk up and down stairs, and could walk without assistance or with the help 
of a cane. 

Patients were considered to have a fair result when they were satisfied that improve- 
ment had been obtained. Pain sometimes persisted, but it was less severe than before 
operation and was bearable. Motion may or may not have been improved. Many patients 
still used a cane or a crutch. Frequently deformity and grossly abnormal gaits were 
improved, but some disability persisted. ' 

The poor results were those in which the condition was not improved by the pro- 
cedure and the patient was not satisfied. Only a few patients felt that they were made 
worse by the operation. 

A detailed statistical analysis has not been included in this paper, but the more im- 
portant results have been summarized in Tables I to VI. The results in cases in which 
unilateral operations were performed have been summarized separately from those in 
which bilateral operations were carried out. The breakdown was considered necessary, 
because the patient’s condition must be analyzed as a unit, when his ability to move 
about is considered. As stated previously, all patients have been followed within the past 
vear and all operations have been performed at least one year before the follow-up. Some 
patients were operated upon more than seven years before this study. 

The greatest percentage of good and very good results were obtained among patients 
of middle age, with a tapering off in the younger and older ages (Tables III and LV). Ap- 
parently there is little sex preference (Tables V and V1); if anything, the females did 
slightly better than the males. This may perhaps be explained by the fact that males use 
their hips for heavier work than do females. 


COMMENT 


Detailed analysis of these cases revealed that patients should be selected carefully 
for cup arthroplasty on the basis of (1) physiological age, (2) temperament and ability to 
cooperate, (3) reconstructive possibilities of the hip, as analyzed from reentgenograms, 
(4) muscle power, and (5) occupation. 
af All patients should be acquainted with the possibilities of failure and success, and 
the alternate operations should be discussed with them. In case of disease of both hips, 
or in cases in which degeneration of the opposite hip is expected, there is no alternative. 
Drilling operations, cheilotomy, fascial arthroplasty, and other methods have not stood 
the test of time. Osteotomy to change the weight-bearing surfaces of an already incon- 
gruous and worn-out joint does not seem reasonable. Neurectomy of the obturator nerve 
may help. It has not proved of great help in relieving persistent pain following cup arthro- 
plasty; in our hands, however, the number of cases in which it has been done is not great. 

Prostigmine has been used after operation in some cases to relieve muscle spasm and 
pain. The results were not very encouraging, although several patients felt that it helped 
considerably. Curare has been used in conjunction with physical therapy in a few cases 
to obtain muscle relaxation, with equivocal results thus far. 
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Some of the best results obtained have been in cases in which the degenerative process 
or mechanical irregularity of the head of the femur was in the formative stage and the 
acetabulum was involved only mildly. It is difficult to advise early operation for a patient 
who has distortion of the hip joint without much pain, although one knows that ultimately 
the hip will break down. Perhaps in these cases, cup arthroplasties should be done before 
secondary osteo-arthritis develops (Fig. 8). 

Comparison of the results recorded in the eighty-eight cases in which cup arthroplasty 
was carried out at the Clinic prior to January 1943, with the results recorded in these 
same cases in this report, reveals a slight trend toward improvement. In nineteen cases 
in which unilateral cup arthroplasty had been performed prior to 1943, improvement had 
occurred in the past three years as follows: In six cases results which were poor at the time 
of the first study had become fair; in six cases fair results had changed to good; and in 
one case fair results had become excellent. In six cases results which were good earlier had 
become very good. In ten cases the results had become worse; in five of these cases lucite 
cups had been used. The lucite cups in three of these cases are known to have fractured; 
one patient had a late abscess. No reason could be found for the downhill course of the 
remaining six patients. Results in four cases went from fair to poor; in three from good to 
poor (lucite cups); in two from good to fair; and in one from very good to good. 

It is our impression that, as the patients gain confidence and muscle strength, the 
motion in their hips generally becomes better and the pain becomes less. Table VII illus- 
trates the over-all trend in all cases in which follow-up information was available. 

Those opposed to cup arthroplasty will focus their attention on the percentage of 
poor results. It must be remembered, however, that the patients were severely disabled 
before operation, and that the percentage of salvaged individuals far outweighs the per- 
centage of those who have been made no better. 

From this study it seems safe to conclude that Vitaliium-cup arthroplasty of the hip 
is a procedure which offers relief from pain, increased motion, and correction of deformity 
to a great number of patients. The results cannot be positively predicted, but better selec- 
tion of patients and improvement in surgical technique should increase the percentage of 
good results from this surgical procedure. 
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AN EVALUATION OF PENICILLIN THERAPY IN 
ACUTE HEMATOGENOUS OSTEOMYELITIS * 


BY W. A. ALTEMEIER, M.D., AND C. L. WADSWORTH, M.D., CINCINNATI, OHIO 


From the Department of Surgery of the University of Cincinnati 
College of Medicine and the Cincinnati General Hospital 


The remarkable effectiveness of penicillin in the management of acute hematogenous 
osteomyelitis has been proved by clinical experience during the past four years. Florey’s 
prophesy in 1943 has been fulfilled in the studies of Altemeier and his associates, McAdam, 
Aird, Higley and Rude, Hamilton and Boyd, Agerholm and Trueta; Hudson, Butler, 
Bodian, and others 4; and Compere, Schnute, and Cattell. The spectacular control of the 
bacteriaemia, local infection, and metastatic complications by penicillin has produced 
profound changes in the course of this disease and a radical reduction in morbidity and 
mortality. 

During the past four years, the authors have studied seventy-one cases of acute 
hematogenous osteomyelitis treated with penicillin, including sixty-seven cases involving 
one or more of the major long bones and four involving the flat bones of the pelvis (Table 
I). There was septic involvement of the adjacent joints in thirteen instances, the knee 
joint being involved in six, the hip joint in six, and the ankle in one. More than one bone 
was infected in thirteen of the seventy-one cases. 


TABLE | 
INCIDENCE OF AcUTE HEMATOGENOUS OSTEOMYELITIS 
IN THE VARIOUS BONEs * 


Bone Involved Number of Cases 
Femur 29 
Tibia. 26 
Humerus i oe ;, ated 13 
Fibula. ipanaevidice axe ciwiew, is 3 
Ulna. de -ahaghes. tech Sa RE a ; s 2 
Radius swWitdo west Reese abned l 
Ilium. . ae Ce eee 3 

l 


Ischium 


* Only the major bones involved are listed here; minor bones, such as ribs and carpal bones, are not 


tabulated. 


Fifty-six of these patients were treated in the Cincinnati General Hospital and the 
Children’s Hospital, and the remainder were treated at the Christ Hospital, Good Samari- 
tan Hospital, and Bethesda Hospital, located in or near Cincinnati. Included by permission 
are nine cases of other Cincinnati surgeons. In forty-seven cases, or 66 per cent., the indi- 
viduals were ten years of age or younger; and in sixty-three cases, or approximately 90 per 
cent., the individuals were twenty years of age or less. Fifty-five (77 per cent.) of the 
patients were males and sixteen were females. The portals of entry of the hematogenous 
infection were furuncles in fourteen cases, infected abrasions of the skin in ten, infections 
of the upper-respiratory tract in ten, suppurative otitis media in three, infected teeth in 
two, and gingivitis, prostatitis, chicken pox, and scarlet fever each in one case. The 
distributing focus was unknown in 28 or 40 per cent. of the cases. 

' be ir at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, June 
28, 1947. 
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TABLE II 


INCIDENCE OF VARIOUS ETIOLOGICAL AGENTS 
IN SEVENTY-ONE Cases OF AcuUTE HEMATOGENOUS OSTEOMYELITIS 


Type of Bacteria , Cases 

(No.) (Per cent.*) 
Staphylococcus aureus 412 82.3 
Non-hemolytic streptococcus 1 7.8 
Hemolytic streptococcus. . . 2 3.9 
Pneumococcus, Type IIT. . 1 1.9 
Green streptococcus. . l 1.9 
Gram-positive cocc} l 19 
Undetermined. . . 20 


* Based on fifty-one cases in which the infecting bacteria was determined. 


Septicaemia was demonstrated in twenty-five or 35 per cent. of the patients by blood 
culture; the hemolytic Staphylococcus aureus was the infecting agent in twenty-one cases, 
the non-hemolytic Staphylococcus aureus in two, a green streptococcus in one, and a Type 
III pneumococcus in one. The responsible etiological agent was determined in 70 percent. 
of the patients by culture, either of the blood or of material from the local infection. In the 
great majority of instances, the hemolytic Staphylococcus aureus (Table I1) was responsible. 

The administration of penicillin was regarded as the primary treatment in each case, 
and every effort was made to observe its full effect before any change was instituted in the 
therapeutic regime, although it was not always possible to do this. Sodium penicillin in 
aqueous solution was used in all but three cases; calcium penicillin was used in one; and 
penicillin in beeswax and oil was given in the remaining two. The highest single dose of 
sodium penicillin used was 50,000 units, and the lowest was 5,000 units. The doses most 
frequently given were 15,000 or 25,000 units. The intervals between injections were usually 
two or three hours, and the average duration of treatment was slightly more than nineteen 
days, the longest period of treatment being ninety-six days and the shortest seventeen 
hours in the patient who died seventeen and one-half hours after admission. In the early 
part of the study, the intravenous route was used most frequently; in the latter part, 
the intramuscular route. In seven instances the penicillin was given intravenously by 
continuous drip. 

No significant variation in the seasonal incidence of acute hematogenous osteomyelitis 
was observed in this series (Table IIT). 

The total amount of penicillin administered in each case is shown in Table IV. As the 
authors’ experience increased, the dosage was also increased. 

In five cases, very small soft-tissue abscesses were aspirated every two or more days 


TABLE III 


SEASONAL INCIDENCE OF AcuUTE HEMATOGENOUS OSTEOMYELITIS 


Months Cases 
(No.) (Per cent.) 
December, January, and February. . SS = el Oe Ce 26.8 
Peawem, Morn, GG BEAY. .... 6... cece teens 12 16.9 
-June, July, and August. .... eas 19 26.8 
September, October, and November.................. 21 29.5 
71 100.0 


(| 
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TABLE IV 


ToraL DosaGEs OF PENICILLIN USED 


Dosages of Penicillin eT, 
(Units) 
Less than 1,000,000... ... : 17 
1,000,000 to 1,500,000... . re ; 9 
1,500,000 to 2,000,000. . atta 10 
2,000,000 to 3,000,000................ a ie, 13 
3,000,000 to 4,000,000... ...................... . 8 
4,000,000 to 5,000,000... ... 6 
ee Or MOONE jg 5 ks kk Sede bes 55 8 
nal bicep aR Be Batak di a tN ae Ao eas ci sl ling a an ‘ 71 


with syringe and needle; the cavity was partially refilled with a solution of penicillin con- 
taining 5,000 units per cubic centimeter, an average of 25,000 units being used each time 
after the aspiration of pus. Emergency surgical decompression of the infected area in the 
bone was not done in any instance. The presence of large or moderately large abscesses 
of the soft tissues was considered to be an indication for incision and drainage of the 
abscess, without drilling or other opening of the infected bone. This was carried out in 
nine cases before the onset of penicillin therapy, and in fifteen cases after its start. The 
affected extremity was immobilized by plaster mold or bivalved cast in thirty-eight of the 
patients. It was considered most essential in those with marked bone damage or in those 
in whom extensive demineralization of the involved areas developed. 

The clinical response was noted with respect to the severity of the disease, the dura- 
tion of the infection before the onset of penicillin treatment, the type and progression of 
changes occurring in the bone, the morbidity, and the mortality. An intensive follow-up 
has also been made in an effort to learn whether or not the beneficial effects of penicillin 


were lasting. 
RESULTS 


The immediate results of penicillin therapy in this series of cases were striking. All 
but one of the seventy-one patients recovered; in the one exception, a severe and neglected 
case of acute hematogenous osteomyelitis of the tibia with staphylococcal septicaemia and 
pneumonia, the patient was admitted to the Hospital in a moribund condition, seventeen 
and one-half hours before death. The mortality rate was remarkably low, therefore, being 
only 1.4 per cent. The reduction in the period of morbidity was also remarkable, particu- 
larly in those cases diagnosed early and treated adequately. In addition, the return to 


TABLE V 


CLASSIFICATION OF RESULTS IN SEVENTY-ONE CASES 
or AcuTE HEMATOGENOUS OsTEOMYELITIS 


Duration of Disease No. of Results 


before Penicillin Treatment Cases : f : 
Excellent Good Questionable Failure 


1 to 3 days (Group 1). 8 } 2 0 
4 to 6 days (Group II). 22 17 5 0 0) 
7 to 9 days (Group III)... .. ; 15 1 10 | 0 
10 days or more (Group IV). 20 2 15 2 l 
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TABLE VI 


RELATIVE EFFECTIVENESS OF THE VARIOUS TOTAL DOSAGES OF PENICILLIN 


Cases with 


Total Dosage of Penicillin No. of Cases Excellent or Good Results 


(Units) Treated (No.) (Per cent.) 
Less than 1,000,000... .. Ta Ee ope Re a ene arm 17 14 82.4 
1,000,000 to 1,500,000... 0.2... ecb occ eee eee 9 8 88.8 
1,500,000 to 2,000,000... . 10 10 100.0 
2,000,000 to 3,000,000 . NTN oe ee Se eee 13 12 92.3 
3,000,000 to 4,000,000... ...... sh ee ea Seen 8 8 100.0 
a Tene oat 6 6 100.0 
I go 5 os carPnn ec ow see cdensurevesceses 8 7 87.5 


function of the extremity was much more rapid than with previous forms of treatment, 
normal weight-bearing often being permitted within three months. 

It was difficult to assess the value of an antibiotic in a disease, such as acute hema- 
togenous osteomyelitis, with both generalized and local manifestations of infection. In 
some instances of advanced hematogenous osteomyelitis with bacteriaemia, penicillin 
therapy made the blood stream sterile, seemed to arrest the local infection, and greatly 
decreased the period of morbidity; vet the disease had already produced extensive damage 
to the bone. 

In general, the results of penicillin therapy seemed to vary primarily with the duration 
of the disease at the time the treatment was begun, with the dosage used, and with the 
severity of the individual infection. For purposes of discussion, the cases have been divided 


Day of Illness 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 26 29 30 31 
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Fic. 1-A 


Case 34. Showing the excellent results obtained with penicillin and conservative management in 
a case of acute hematogenous osteomyelitis of the right tibia with hemolytic Staphylococcus aureus 
septicaemia in a boy, aged eleven years. Rapid control of infection is manifested by sterilization of 
the blood stream, rapid fall of the temperature by lysis within ten or eleven days, absence of meta- 
static complications, return of the white blood count to a normal level, and disappearance of local 
signs. This was a Group II case. 
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Fic. 1-C Fic. 1-D 








Fic. 1-E Fic. 1-F Fic. 1-G 
Illustrating the spontaneous resolution of the area of osteomye- 
litis, resulting in complete healing with minimal residual damage and 
without sequestration, osteosclerosis, joint limitation, or abnormal- 
ity of joint growth. 

Fig. 1-B: Nov. 13, 1944. No demonstrable bone involvement or 
periosteal reaction. 

Fig. 1-C: Nov. 28, 1944. Very early periosteal reaction on medial 
aspect of lower portion of tibia, and bone rarefaction in lower end 
of tibia. 

Fig. 1-D: Dec. 16, 1944. Layering of the periosteum on medial 
aspect of tibia and extremely early reaction of periosteum on lateral 
aspect. Rarefaction in shaft of tibia is localized at a point about five 
centimeters above the epiphysis. 

Fig. 1-E: Jan. 13, 1945. Area of rarefaction more pronounced. The 
periosteal reaction is much the same. 

Fig. 1-F: Feb. 23, 1945. Periosteal reaction is slightly more pro- 
nounced, particularly on the medial aspect. Recalcification of the 
previously described area of demineralization is occurring. 





Fig. 1-G: July 16, 1945. Recalcification and reconstitution of the 
involved area is complete. No evidence of active infection; minimal 
sclerosis of bone is seen. Fic. 1-H 

Fig. 1-H: May 16, 1947. The normal architecture of the bone has been re-established with no 
evidence of active infection, sequestration, or sclerosis. 
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Fic. 2-A Fic. 2-B Fig. 2-C Fig. 2-D Fic. 2-E 


Case 31. Illustrating the good results obtained with 
penicillin and conservative management in a Group II 
case of acute hematogenous osteomyelitis of the left 
tibia and right femur with hemolytic Staphylococcus 
aureus septicaemia and pneumonia in a boy, aged thir- 
teen. Spontaneous resolution has occurred, but the pro- 
gression of bone changes is slower and the degree of 
demineralization is greater. Nevertheless, ultimate heal- 
ing appears to be complete. 

Fig. 2-A: Oct. 26, 1943. Small area of rarefaction is 
shown on the lateral aspect of the tibia, just above the 
ankle, with a very thin break in the cortex. No perios- 
teal reaction on medial aspect, in lower third. 

Fig. 2-B: Nov. 17, 1943. Shows mottling of lower 
fourth of tibia, due to irregular and patchy areas of 
rarefaction. Very slight periosteal reaction on medial 
aspect, in lower third. 

Fig. 2-C: Jan. 4, 1944. The mottling has increased in 
| lower portion of tibia, and periosteal reaction is now 
ae _ = ' b me; well defined. A slight periosteal reaction is also present 

: F : é on lateral aspect of fibula, in distal fourth. 

Fic. 2-F Fic, 2-G Fig. 2-D: Mar. 31, 1944. Shows more extensive bone 
rarefaction and periosteal reaction than on previous 
roentgenogram. Several breaks in tibial cortex are now easily seen. 

Fig. 2-E:: June 2, 1944. Less mottling is present than previously, and almost complete disappearance of 
the periosteal reaction. Recalcification is occurring. No sequestration is present. 

Fig. 2-F: Sept. 1, 1944. Further recalcification and reconstruction of the involved bone is occurring. 

Fig. 2-G: May 2, 1947. Recalcification and reconstitution of the bone is complete, with minimal sclerosis 
of bone. No evidence of sequestration or of continuing infection is seen. All mottling has disappeared, and 
no periosteal reaction remains. The healing of the infection appears complete. 





arbitrarily into four groups: Group I consisted of those in which treatment with penicillin 
was started within three days of the onset of the first symptoms; Group II, those in which 
penicillin therapy was started within four to six days after onset; Group ITI, those in which 
treatment was instituted within seven to nine days; and Group IV, those in which the 
illness had existed for more than ten days before the start of penicillin therapy. 

An arbitrary classification of the results was made on the basis of essential criteria 
established for each type (Table V). An excellent result was one in which evidence of com- 
plete and rapid control of the general and local manifestations of the infection began 
within seventy-two hours after the institution of penicillin therapy, and was fairly com- 
plete within ten days. Spontaneous resolution of the process followed, including complete 
healing of the infected bone with minimum residual damage and without sequestration, 
osteosclerosis, joint limitation, or residual abnormality of bone growth. Surgery was either 
unnecessary or it was limited to simple drainage of soft-tissue abscesses (Figs. 1-A to 1-H, 
inclusive). 

In a good result there was a more gradual control of the general and local manifesta- 
tions; this began within two to nine days after penicillin therapy was started, and was 
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Illustration of a good 
result obtained with pen- 
icillin and conservative 
management in an eight- 
year-old boy (Group IV 
case). The extensiveness 
and intensity of the roent- 
genographic changes are 
greater, but the process of 
healing has been com- 
pleted with minimal resid- 
ual damage. 

Fig. 3-A: Mar. 31, 1944. 
Shows mottling at upper 
end of shaft of humerus 
and very slight periosteal 
reaction on lateral aspect 
of upper fourth of shaft. 

Fig. 3-B: Apr. 8, 1944. 
Mottling has continued 
down the shaft, to june- 








th tion of upper and middle 
II thirds. Periosteal reaction 
ft is present on both sides of 
us shaft. 
wks Fig. 3-C: Apr. 12, 1944. 
a There has been marked 
r increase in periosteal re- 
al- action, particularly on the — —_ 7 
is lateral aspect of the shaft. Fig. 3-A Fic. 3-B Fig. 3-C 
he 
)S- 
er 
of 
ial 
in 
Ww 
nt 
ne 
us 
of 
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nd 
in 
ch 
ch 
he 
ia 
n- ee = re 
in Fic. 3-D Fig. 3-E Fig. 3-F Fig. 3-G 
Fig. 3-D: Apr. 18, 1944. Marked increase in periosteal reaction is shown. Very small sequestrum 
n- seen under periosteum on lateral aspect. 
te _ Fig. 3-E: Apr. 27, 1944. Periosteal reaction and patchy demineralization have increased. There 
is a long narrow sequestrum on lateral aspect of shaft. 
n, Fig. 3-F: June 22, 1944. Shows marked recalcification and moderate osteosclerosis. The seques- 
er trum apparently is involved in the process of healing. 
7 Fig. 3-G: May 16, 1947. Shows complete reconstruction of the humerus, with only minimal 
’ residual thickening of the cortex on the lateral aspect of the shaft. The excessive calcification has 
disappeared and much of the normal architecture of the bone has been re-established. 
a- toa } 
complete within three weeks. Spontaneous resolution occurred more slowly, and complete 
as } : . S . — ‘ 
1ealing of the infected area was followed by minimal or moderate residual bone damage, 
RY 
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TABLE VII 


NUMBER AND TyPE OF RECURRENT INFECTIONS 


Total Dosage Duration of Interval between 
Case Group of Penicillin Penicillin Therapy — Penicillin Therapy Type of 
No. No Units) (Days) and Recurrence Recurrence 
| | 2,080,000 25 3 months Sequestration with ab- 
scess 
3 ] 2,270,000 20 16 months Cellulitis 
9 IV 1,155,000 26 4 months Sequestration with 
. abscess 
22 I 885,000 44 39 months Cellulitis 
26 | 840,000 7 8 months Cellulitis 
30 I 635,000 9 1 month Relapse 
35 IV 525,000 15 12 months Sequestration 
Septic absorption of 
head of femur 
13 III 6,600,000 12 1 month Sequestration with 
abscess 
47 III 650,000 } 2 weeks Relapse 


in association with one or more of the following: abscess formation, sequestration, osteo- 
sclerosis, joint limitation, and abnormality of bone growth. Surgery was either unnecessary 
or was limited to more elective surgical procedures, such as simple drainage of soft-tissue 


; 
| 
' 





Fic. 4-A Fic. 4-B Fic. 4-C 


Demonstration of a questionable result in a Group I case of acute hematogenous osteomyelitis of the 
left tibia with hemolytic Staphylococcus aureus septicaemia, in a boy of seventeen years. Although peni- 
cillin controlled the generalized and invasive qualities of the infection, sequestration occurred, and the 
local infection remained active until treated by saucerization and sequestrectomy. 

Fig. 4-A: Aug. 3, 1944. No evidence of bone or periosteal reaction is apparent. 

Fig. 4-B: Aug. 17, 1944. There is periosteal reaction about the upper third of the tibial shaft. Very 
slight demineralization of the upper third of tibia is occurring. 

Fig. 4-C: Nov. 10, 1944. There is slight increase in the amount of periosteal reaction about the upper 
end of the tibia and patchy demineralization of the upper end of the shaft, with increased sclerosis of the 
bone. 
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abscesses; removal of detached sequestra; or, in one instance, by saucerization of pre- 
viously necrosed bone (Figs. 2-A to 3-G, inclusive). 

A questionable result was one in which there was indefinite evidence of control of the 
general or local infection by penicillin. Surgery was not obviated in this group (Figs. 
j-\ to 5-F, inclusive). 

A poor result was characterized by the failure of penicillin to control the infection, 
which resulted either in death or in continuation of the infectious destruction of the bone. 

The number of excellent results was greatest in the first two groups, in which the 
diagnosis was made and penicillin therapy was started before the disease had progressed 
more than six days. The number of excellent results decreased sharply in the third and 
fourth groups, in which the diagnosis and treatment were delayed for seven or more days 
(Fig. 6). Nevertheless, the great majority of results were good, even in Groups III and IV. 

One of the questionable results in Group I occurred in a patient in whom the dosage 
of 840,000 units of penicillin over a seven-day period was grossly inadequate by our present 
standards. Subsequent experience has indicated that 2,000,000 or 3,000,000 units, or more, 
over a period of at least twenty-one days, is a more effective dosage. The other question- 
able response in Group I occurred in a seventeen-year-old white male who was admitted 
to the Cincinnati General Hospital with acute hematogenous osteomyelitis of the left 
tibia and staphylococcal septicaemia. He was treated adequately with penicillin, and a 
long leg cast was applied. After his discharge from the Hospital, thirty-four days following 
the onset of therapy, he walked about on his cast. The cast cracked just below the knee, 
over the involved area of the tibia, and an ulceration was produced at this point. A drain- 
ing sinus developed, and the subsequent roentgenographic findings of progressive local 
infection are illustrated in Figures 4-A to 4-F, inclusive. Experience has indicated that 








Fic. 4-D Fic. 4-E Fig. 4-F 

Fig. 4-D: Dee. 18, 1945. Shows definite sclerosis and thickening of the upper portion of the shaft of the 
tibia, with several large areas of decreased density in this region. A large sequestrum is visible near the 
lower end of the thickened portion. 

Fig. 4-E: Apr. 10, 1946. The areas of sclerosis about the upper end of the tibia and several large ir- 
regular areas of decreased density persist. A small sequestrum is seen in the distal portion of the in- 
volved area. 

Fig. 4-F: Oct. 15, 1946. The three areas of decreased density persist. The distal area shows smooth 
margins; the previously reported sequestrum has been removed. There is evidence of further progression 
of the chronic osteomyelitic process in the proximal two areas, which show irregular margins and a se 
questrum in the superior one. A linear area of sclerosis is noted, extending downward from the mid- 
posterior region of the tibial shaft. 
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immobilization and prohibition of active weight-bearing are important. In Group III, 
the questionable result obtained was one in which there was no consistent and continued 
attack on the infection with penicillin, although the amount of penicillin administered 
should have been adequate. 

Two questionable results occurred in Group IV. In one, sequestration, pyarthrosis, 
and dislocation of the right hip developed in a 


patient whose treatment was neglected for 100% 
nineteen days after the onset of infection. This 
patient was treated inadequately, with only oe 
525,000 units of penicillin, following incision e 80% = 
and drainage of a large abscess. ba 

One failure occurred in a severe and neg- § 
lected case of acute hematogenous osteomyelitis © = 
of the tibia of fourteen days’ duration with § 
overwhelming staphylococcal septicaemia and 5 as 

& 


diffuse bilateral pneumonia. 

When the results were compared with the 
total dosage of penicillin administered (Table 20% 
VI), it was noted that the number of excellent 
and good results was greatest with dosages of 











more than 1,500,000 units. 0 
Complete follow-up information was ob- : .¢ ne “> 
° ° ° ° “3s ~ 3 ~ 2 E, > L 
tained in sixty-seven, or 94.4 per cent., of the a a. oS ac 8 
os of o 4 o% son 
-ases. Nine recurrences have occurred to date sc s= st ss* 
(Table VI1). This table reveals recurrences in — 
five cases in Group I, in which the diagnosis ptiah cavee 60 emten Gratin. 
was made and treatment was started within = 7777" ee 
three days after the onset of the illness. This nn 
was disappointing, but is probably explained in Shows the percentage of excellent results, 


according to the duration of the disease before 


three of the five cases by the inadequate doses > 
. the start of penicillin treatment. 


of penicillin given over relatively short periods 

of time. In a fourth case, the patient walked regularly on his cast within one month after 
the onset of his infection (Figs. 4-A to 4-F, inclusive). There were no recurrences in Group 
II, where the cases were treated more energetically with penicillin, effective immobiliza- 
tion, and longer periods of non-weight-bearing. There were two recurrences in Group III, 
Case 47, which was treated inadequately with 650,000 units, and Case 43, in which 
large doses of penicillin were given during the day for twelve days, but not at night. A 
relapse occurred within one month after cessation of therapy in two cases, and this has 
been attributed directly to inadequate amounts of penicillin. 

We were surprised to find only two instances of recurrence in Group IV, since the 
infection unquestionably went unchallenged long enough to produce extensive damage to 
the bone and soft tissues. In Case 9, sequestration had occurred before the diagnosis was 
made; and treatment, with a total of 1,155,000 units over a period of twenty-six days, was 
started on the twenty-third day of the disease. In Case 35, the diagnosis and treatment 
were delayed for nineteen days when extensive necrosis of the upper end of the femur and 
the femoral head became apparent. Treatment of this case consisted of incision and drain- 
age of an abscess and an inadequate total dosage of penicillin (525,000 units over a fifteen- 
day period). 

DISCUSSION 


Since the principal bacterial agents of acute hematogenous osteomyelitis—the hemo- 
lytic staphylococcus, hemolytic streptococcus, non-hemolytic streptococcus, and pneumo- 


VOL, 30-A, NO. 3, JULY 1948 





VOL. 








WADSWORTH 


L. 


R AND C. 


YMEIE 


ALTE 


A. 


= 
> 





*[BULIOU U9ve8q SBY 9UOG JO YAMOI “SUTBUTOI XO4100 

nqy jo Surdo,yFresys yy ‘oyojduioo Ayjueredde st ssovoid Bulpwayy “ZPEI ‘EG oun 24-2 “Bq 
‘paly} o[Pprur sz jo 

SISOLIPOS PUB APLIB[NFAILUL 9}BLopOUr YUM ‘R[NGY JO UOLpNASUOVIL poonpoid sey ssovoad Burpeoy IL ‘peaoutos A[snorAvid useq sey WnAysonbog “PFET ‘g "ydag 3 yq-2 “By 
‘pPAlyy o[pplua syt UT BeNqY oy) Jo UOTjIOd |B107yR] oY) UO sUTBUTOL uorydiosqe 

Y Yt a wnajsenbos uly) Duo] VY “UOLjBodl [ve soLiod JY} YIM pop BlVOssB ‘suoq MoU Aq poultojod Butoq st }JRYS fe nqty “PtrG6l SA idy aC by 4 ‘By 

‘poqiosqe Ayperjaed useq sey wnaysenboes oy “ByNqY jo }JBYS W1}UO FUOTW UMOYS SI UOLIBEd [BaYSOLIOd PoylBIY “FFG ‘RT ‘UBr:C-2 ‘Bly 
‘Burjeasjsonbos st }JBYS JO Spary} OM} AT[ROLIBAG 

UL UdVS ST UOLOBOd [Boysollod poyIB]Y ‘puo peurxoid jo uoldiosqe (yin “Bynqy jo sparyy OMY LIMO] SOATOAUL UOTPONASop VUOg “EPH ‘GZ “AON :O-zZ ‘By 


JO ZuLUBYyIY} oyB1OpoTY ‘QUO SLY} JO SISOLOPOS UL OSBOLVIP PoyIBUL PUB 





JayyANny vuoALepun se 


‘SROIB OSOY} 07 
‘SP4ly} JOMO] PUB [ppt Jo UOTWUNE Jo [aAVT 4B YU 
UO [BISIP PUB ;RULXOId 7B Udes 0G ABUL UOT BJolBYy "EFT “F “AON i q-zZ “Bry 
‘JUOSMd SBM FULPOMS BNSST}-}JOS poyIBpY “wWNosotod 410 auog Ul stuipuy o1ydeisousF} Uso. OYLUYOp ON “EPG “EZ “WO 2 V-L ‘By 
‘poos sem AdBioyy 
PEL “BINGY oy} JO styljeAUIO8}sO snousFZoOyeUIEY ayNoB 
ayenbopeul uv yILM JUVUT} Bo} jo UOTVBsseo Joye APJduOId potindV0 UOTJIIJUL JO asdBlayy “OE BBD 


NL Oly A-L “Old A-L “ol d-2 “14 OrL Ly d-2 Old V-L “DIY 


-soid OS]® St UOTOBOd [BOSOLIOd JO BoIR UY “UOLOBod |ROYSOLIOd PoyYRWOSSR UYLM “RINK os 
{8 sf UO! | J I : t 1Y | 


Ulplotued Jey .ANy JoyjB 4pNser [Ruy ey} yng ‘peinovo “OLBIjsoNbeg “syJUOUL UdeITY}) pode ‘Aoq B SEM yuotyed 
jo osvo [| dnowry & ul ‘potiod ABp-oulu B J0A0 ulpiotued jo yunoWR 





SURGERY 


AND JOINT 


THE JOURNAL OF BONE 





US OSTEOMYELITIS 


EN¢ 


MATOC 


HE 


PENICILLIN THERAPY IN ACU 


‘SISOJO[DSO04}SO oy Bl 


VAOGB *yyRBYS 9Yyy JO uotnjsod JAMO] OY} UL Uor 


-SUBI) A[IB[NSOLIT UB SI Ol 


ay} jo yu 


4 
‘shaowny oy} Jo pry soddn a 
JUIVAOAUI SI MIL “UOT VBI [® 


"STPTPOAUIO: 


“UOT, BZ Iqourull jo dUISqB Ul 


9yL ‘peqsosqsB Buloq st u 


opoul pus Burmoq eM *paLIno00 sBy SrLuIny ou} 


ms SIL UOT 











p ou 


‘OSBOSIP OY} JO JOSUO 1d}JB 


MAIJSIP IAISUI}XO nq *paLinoo0 sBy Ssniouint 
sBYS OY} JO J[BY JOMOT OY} Ul Ajisuep pose 
ysonbes oy} puB ‘polino9V0 sBy ST 

{} Jou ‘Uses ST WT rsonbos 9] 
jo JyBy Joddn oy} JO UOLBZIPBIOUTWOp DAISUD}XO SMOYS "PPG ‘pl “deg :O-8 ‘Jy 





d-8 ‘Yl 










wny oy} 
nq “yyeys ay} jo pueo [BULTXOJE 
98 ST PUOL 
syyuoUl j/By-ou0 pus omy ‘stu 
Os “PL 








{ 94} Jo 
u poppypot 


JO UOLTJINISUOVI pus “poTBoy SBy NBII IU Jr6l 


jO JBy de 
nysenb ¥y 


| oy} 8 UOT 
UVA[OAUI 
euny 10 Bo. 
I 








6 ABW (AB BU 
MNOBIY oy 

1SUODIY “CHET ‘OZ “UPL CAB By 

IY} VAOGB SLOPOUITT} U9) [B1VAVS ‘MNPOIBI] IIA 


roddn ou) jo uot 






d ‘61 ‘0S “PON AU 


l Wo |" 
ay} JO pBay ayy Jo uoT}40d [B10}8] 94} puB sisAydida 








}VZYRLOUILOP JYBYS ALOA SMOUS “PPGL “OF ‘Iny :q-8 ‘By 


q JO DUAPLAD ON “PPGT ‘ST “INV: V-8 By 





IB poZzi[Bs1oululop ysne wy} BULLINIVO MNBL] snosuBjuodg 


‘DI VR Ol 








ts 





1948 


3, JULY 


30-A, NO. 


VOL. 








RY 


670 W. A. ALTEMEIER AND C. L. WADSWORTH 


coccus—are sensitive to the action of penicillin, it is not surprising that this antibiotic has 
had such a profound effect upon the disease in its earlier stages, before extensive throm- 
bosis of the nutrient vessels or stripping of the periosteum has occurred. 

In the past, the mortality rate from acute hematogenous osteomyelitis was approxi- 
mately 25 per cent., being 10 to 15 per cent. in the milder cases and often 50 per cent. 
or higher in the septicaemic or pyaemic varieties *" . Sterilization of the blood stream 
and progressive control of the generalized infection by penicillin have reduced the mor- 
tality to 1.4 per cent. in this series. This reduction corresponds to that in other reports, 

The prevention of metastatic or secondary infectious complications and the arrest 
of the local infectious process in bone have resulted in a decreased morbidity. If the meta- 
static complications, such as staphylococcal pneumonitis, pleuritis, pericarditis, or 
thrombophlebitis, already existed, penicillin was a powerful aid in their control, as an 
adjunct to surgical or conservative treatment. ‘The usual period of hospitalization in the 
majority of cases was between twenty-five and thirty-five days. 

Since the greatest number of excellent results were obtained in those cases diagnosed 
and treated during the first six days of illness, the urgent responsibility of the family 
physician is readily apparent. An early diagnosis in acute hematogenous osteomyelitis 
must be made on clinical grounds alone in order that penicillin therapy may be started 
at the time when it will do the most good. The dictum ° that no roentgenographic diagnosis 
“an be made until at least the seventh to tenth day of the disease, and often later, cannot 
be overemphasized. After the diagnosis has been made, the patient should be moved to a 
hospital immediately for intensive penicillin therapy. If there is any question as to the 
presence of acute osteomyelitis, it is recommended that penicillin be started at once and 
continued until the diagnosis has been established. 

The evidence suggests that penicillin should be administered in adequate doses, at 
intervals of not more than three hours, for at least twenty successive days, until all clinical 
signs of infection have been absent for at least seven days. The dosage was increased as 
the authors’ experience and the supply of the antibiotic agent increased. 

No obvious clinical improvement may be apparent for seventy-two or more hours 
after the onset of penicillin therapy in patients treated without surgery. If a sharp fall in 
temperature and marked clinical improvement do not occur within this time, a careful 
search should be made for complicating or metastatic infections. The earliest clinical 
evidence of effectiveness was often the patient’s feeling of improvement. 

During the first four to ten or moze days of the disease, the roentgenograms were 
of no practical value in detecting the nature of the disease process. Later, a succession of 
roentgenographic changes occurred, usually after the cessation of chemotherapy. Peri- 
osteal reaction, patchy areas of progressive demineralization of the involved bone, and 
breaks in the adjacent cortex were early signs which usually became evident ten to four- 
teen or more days after the onset of the illness, and reached their maximum extent and 
degree in one to five months. As the decalcification proceeded, the trabeculae often became 
ill-defined and irregular, suggesting permanent disorganization of the bone structure. The 
absence of an associated dense involucrum exaggerated the rarefaction of the shaft. 

Demineralization appears to be a necessary step in the healing process of infected 
bone, but its true nature still is conjectural. Its increase with the severity and duration 
of the infection suggested that it represents absorption of bone previously necrosed by the 
infection. However, the later re-establishment of a normal or nearly normal architecture 
of the bone, with complete recalcification and minimal osteosclerosis, indicated that the 
lamellae are left more or less intact. In general, the reconstitution of bone seemed to occur 
with less resultant bone sclerosis than that seen with previous forms of treatment. The 
evidence suggests that adequate and early penicillin therapy arrested and controlled the 
local infection to such an extent that spontaneous absorption of the necrosed bone and 
repair by the process of recalcification were made possible. 
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It has been impressive to see the extensive degree of involvement, one to four months 
after the onset of treatment, and then to watch the process of spontaneous healing. When 
adjacent joints were involved, penicillin aided greatly in the control of the acute infection 
and decreased the degree of functional impairment. In nine instances, there was no residual 
impairment in function; while in four other cases-——-two of the hip, one of the ankle, and 
one of the elbow— continued impairment of joint function was noted. 

Although sequestration was relatively uncommon in the cases treated with penicillin, 
it tended to occur late in the illness if the infection was unusually severe, if the diagnosis 
was delayed, or if treatment was late or inadequate. In this series, sequestration occurred 
in six cases. Experience thus far indicates that further conservative tierapy is indicated 
when sequestration develops in conjunction with penicillin therapy. 

There seems to be little doubt that early and adequate penicillin therapy made un- 
necessary the use of surgery for emergency decompression of the infected bone, in the 
great majority of instances, during the period when the patient was often desperately ill 
with a generalized infection. Instead, penicillin control of the infection also permitted 
correction of the altered physiology and adequate treatment of the metastatic complica- 
tions. When abscesses developed, surgical drainage was done more safely and more effec- 
tively at a time when the patient was in a better condition, under the protective screen of 
parenterally administered penicillin. In addition, the cosmetic effects in the cases treated 
with penicillin were in sharp contrast to those in cases treated by other methods. 

The long-term curative effects of penicillin in acute hematogenous osteomyelitis are 
still undetermined. However, recurrences have developed in nine instances, usually when 
treatment was late, inadequate, or not sustained. 

On the basis of an analysis of our experiences thus far, the following plan of manage- 
ment is recommended: 

1. Establishment of the Diagnosis at the Earliest Possible Time: Recognition of the 
disease must be on the basis of clinical signs and symptoms, without help from the roentgen 
ray, at the time when penicillin therapy can be expected to give excellent results in the 
majority of instances. One must be thoroughly familiar with the clinical picture, therefore, 
as well as with the differential diagnosis. In case of doubt, it is reeommended that adequate 
penicillin therapy be started immediately and continued until a definite diagnosis has 
been made. 

2. Early and Adequate Penicillin Therapy: As soon as the diagnosis has been made, 
a dose of at least 20,000 units of penicillin should be given intramuscularly or intrave- 
nously, and repeated every two or three hours for at least seven days after the signs of 
infection are well under control. In severe infections, doses of 50,000 to 100,000 units may 
be given at the same interval until a clinical response has been obtained. A total dosage 
of at least 2,000,000 or 3,000,000 units, adm.nistered over a period of three or more weeks, 
seems to be adequate in most instances, but in case of incomplete response of the infection, 
penicillin should be continued. Its dose may be revised upward in infections produced 
by more resistant strains of bacteria. Obviously, it is not indicated in acute hematogenous 
osteomyelitis caused by gram-negative or other penicillin-resistant bacteria. 

3. Surgery: Emergency surgical intervention is usually unnecessary, and conservative 
surgical procedures may be postponed until the infection has been controlled and the 
alterations in physiology have been corrected. Large soft-tissue abscesses, present at the 
start of treatment or developing during treatment, should be incised and drained early in 
order to release the necrotizing toxins, thereby lessening the toxaemia and local necrosis. 
We have not resutured these wounds either immediately or within five to seven days, as 
practised by the British surgeons under the protective screen of penicillin therapy, but 
have left the wounds open, being as careful as possible to protect the wound and avoid 
secondary contamination. Very small abscesses may be treated by repeated aspiration and 
instillation of a solution of penicillin containing 5,000 units per cubic centimeter. If 
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sequestration occurs, further conservative treatment is advised, while the fate of the 
sequestrum is followed by serial roentgenograms. In case of incomplete absorption, detach- 
ment from the adjacent bone, or involvement in an abscess cavity, sequestrectomy is 
indicated. 

4. Immobilization: During the acute phase of the infection, immobilization of the 
involved area is recommended for at least three weeks, preferably by a plaster splint or 
bivalved plaster cast, to permit frequent inspections of the involved area for progression 
or regression of the signs of local infection. Further immobilization is indicated in all 
instances in which decalcification and rarefaction of the bone become considerable, since 
failure to protect the weakened bone may result in spontaneous fracture. 

5. Active Weight-Bearing: Active weight-bearing should be delayed for at least three 
months in the cases showing the best response to therapy, and longer, as indicated, in 
those with more extensive damage to bone. 

6. Adequate Supportive Therapy: Adequate supportive therapy with repeated small 
blood transfusions, fluids, electrolytes, and oxygen is indicated to correct the alterations 
in physiology and to overcome the effects of the infection. 

7. Continued Vigilance: Vigilance is necessary to determine the progress and extent 
of the disease, as well as to detect the development of soft-tissue abscesses, metastatic 
visceral complications, or purulent arthritis of contiguous joints. If the infection should 
become fulminating, emergency surgical drainage must be instituted as early as possible. 

8. Serial Roentgenographic Examinations: Serial roentgenograms are recommended 
at intervals of one week during the early stages of the disease, and at intervals of one 
month during the later phases, for at least one year, to determine the extent of damage to 
the bone, the development of sequestra, the involvement of adjacent joints, and the degree 
of osteosclerosis. 


SUMMARY 


A study of seventy-one cases of acute hematogenous osteomyelitis, made during the 
past four years, has indicated that penicillin is a powerful and effective antibiotic in this 
disease. This finding has not only radically changed our ideas concerning the most satis- 
factory methods of management, but has altered our interpretation of the significance of 
some of the roentgenographic changes occurring during the course of the disease. When 
administered early and adequately, penicillin reduced mortality and morbidity, controlled 
the infection, minimized local destruction of the bone and resultant deformities, permitted 
spontaneous absorption of the involved bone, healing, and early return of normal or nearly 
normal function. Follow-up studies indicated that healing of the bone has been very satis- 
factory in the great majority of instances, with restoration of its architecture to normal or 
near normal and with considerably less osteosclerosis, sequestration, and impairment of 
function of the adjacent joints. The number of recurrences has been low, and limited 
almost entirely to those cases in which the amount of penicillin administered was too small, 
the duration of treatment too short, the intervals between injections too long, the be- 
ginning of treatment seven or more days after the onset of the disease, or the use of im- 
mobilization absent or inadequate. 
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ACUTE HEMATOGENOUS OSTEOMYELITIS 
A Srupy or TREATMENT *T 
BY I. WILLIAM NACHLAS, M.D., AND HERBERT R. MARKHEIM, M.D., BALTIMORE, MARYLAND 


The subject of treatment for acute hematogenous osteomyelitis is, at the present time, 
a controversial one. The form of treatment that had come to be generally accepted was 
based on the concept that the lesion in the bone constituted a local infection and demanded 
sarly incision and drainage. Recently, however, this method has been challenged. The 
relatively high mortality or the long period of recovery that follows such treatment has 
caused investigators to look for other methods. The concept evolved that the patient with 
osteomyelitis is suffering primarily from a systemic infection, a bacteriaemia, of which 
the bone involvement is only a local manifestation. Under this principle, attention must 
be directed toward the patient as a whole, with a primary attack against the bacteriaemia. 
Modifications have also been made in the treatment of the bone lesion. 

The older procedure consists in treatment ‘‘by operation as soon as the condition is 
recognized. . . . it is extremely important to operate early, particularly within the first 
twenty-four to forty-eight hours. . . .”’! This treatment was based on the hypothesis 
that, unless early drainage could be supplied, the developing abscess, with its increasing 
pressure within the rigid, bony confines, would spread bacterial fluids over a broader area, 
possibly even forcing them into the blood stream. Consequently, there could be expected 
(a) increased local bone damage, with a resultant longer period of illness; (b) a new focus 
for bacteriaemia, with a threat of increased mortality; and (c) a larger number of meta- 
static abscesses. Because of these possibilities, early drainage was considered so important 

*Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 28, 1947. 
+ The expenses for this study were met by a grant from the Sydney M. Cone Research Foundation, Ine. 
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TABLE I 
Mortality 


No. of Deaths 
Group Patients (No.) (Per cent.) 
Ee Ee EE 78 7 9 
Delayed surgery Shee Aaa rae RM aon se vats 32 l 3 
et Aa NR ei hd er ii aa 20 0 0 
ee OTe CT TRC Te Tee e 130 8 6 


that bone drilling was advised if an osteomyelitic abscess was even suspected. A clean 
osteotomy, it was explained, would do no harm; whereas a delay in operating upon a bone 
abscess could produce serious results. 

By contrast, the advocates of the systemic form of treatment advance the concept 
that acute hematogenous osteomyelitis is basically a bacteriaemia, in which the deposition 
of organisms in the bone may lead to local infection. Based on this belief, systemic anti- 
bacterial treatment becomes the important primary step. If the bone lesion has not yet 
developed sufficiently to block the circulation, the chemotherapeutic agent can reach the 
impending abscess and sterilize it. Surgical trauma to the bone, because of its interference 
with the blood flow and because of the formation of local thromboses, is not a benign 
procedure, and should be avoided in the acute stage of the disease. Indeed, ‘“‘clean”’ 
osteotomies may be considered a plowing of the soil, that will facilitate the implantation 
of blood-borne organisms and the development of a local abscess. Furthermore, since 
staphylococci are the usual bacterial offenders, and since these organisms are slow in 
sausing a local protective barrier or a systemic immunological response to develop, early 
tampering with an abscess is likely to spread the organisms and should, therefore, be 
avoided. 

Thus we find two schools of thought and two radically different methods of treat- 
ment. In spite of the fact that, in the recent literature, one finds many articles reporting 
series of cases treated satisfactorily by the systemic approach, there are many excellent 
surgeons who claim that treatment by emergency surgery gives better results. The 
accuracy of this statement can be determined by a comparative statistical survey. 

With this in mind, the authors have collected and critically analyzed the records of 
patients with acute hematogenous osteomyelitis seen by them during the ten-year period 
from 1936 through 1945. In determining the proper case histories to be included in this 
series, several criteria were used. Only patients with the hematogenous variety of osteo- 
myelitis, who had presented themselves in the acute stage of the disease, were chosen. 
As proof of the diagnosis, the presence of a positive culture from the operative field or the 
characteristic roentgenographic changes in the bone were considered necessary. 

In twenty-five instances, a presumptive diagnosis of osteomyelitis had been made on 
the basis of the classical local and systemic signs, including positive blood cultures; the 
patients had been treated by antibiotics, but had recovered without the development 


TABLE II 


AVERAGE DURATION OF DISEASE 


No. of Duration 


Group Patients (Days) 
TN ines ala ews ne hae se vows St are ee 53 714 
Delayed surgery................. ee ee ieee ween 18 360 
ia 5-5, Sco wicia a an ewe wc aN ahead cuark ote kick ee 169 
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of positive roentgenographic signs. These cases were not included in the present series 
because of the unproved diagnosis, but they must be borne in mind in the general 
evaluations. 

After sifting the cases, with these restrictions in mind, 130 patients were found who 
met the requirements. Although a few had had both surgery and chemotherapy in the 
course of their hospital stay, the patients, as a whole, can be separated on the basis of 
the pattern of their treatment into a chemotherapy group and a surgery group. The 
surgery group can be further divided into those patients who had emergency operations 
that is, within twenty-four to forty-eight hours after admission—and those whose opera- 
tions were delayed for five days or more after hospital admission. Thus there are three 
classifications: 


Emergency surgery............... atime Gabe ite wate seis 78 patients 
Delayed surgery. . . ; = aac atadle : 32 patients 
Re 2 nah ca aah och ib res vin gs Bet Ad elev hcackan Shonen 20 patients 


In these categories, comparisons were made with regard to (1) mortality, (2) duration of 
the disease, (3) recurrences, and (4) metastatic bone lesions. 


1. Mortality 


The fatalities in this series numbered eight, or 6.1 per cent., of the total. All of these 
deaths occurred among patients in the surgery group; seven of them had been treated by 
emergency surgery and one by delayed surgery. There were no deaths in the group treated 
by chemotherapy alone. Thus, the death rate for each group is as follows: Emergency 
Surgery showed 9 per cent., Delayed Surgery 3 per cent., and Chemotherapy 0 (Table I). 


2. Duration of Disease 


In obtaining the figures reported, the patient’s bone lesion was considered as active 
from the date of onset of the local symptoms until the time of closure of the wound, or, 
in those instances where there was no open wound, the time when the patient was dis- 
charged as recovered. Since a number of patients had left our immediate care before their 
sinuses or wounds had closed, the date of cessation of drainage was obtained from a 
questionnaire sent to each patient. The answers were accepted as accurate, but reports for 
final analysis were collected from only ninety-one, or 70 per cent., of the total number of 
patients. On the basis of these figures, the average duration of the disease was found to be 
714 days for the fifty-three patients of the Emergency Surgery group, 360 days for the 
eighteen patients of the Delayed Surgery group, and 169 days for the twenty patients in 
the Chemotherapy group (Table II). 


3. Recurrences 


Under this heading, only those patients were included in whom a local infection de- 
veloped after closure of the wound. It was found that 40 per cent. of the patients (twenty- 
one of fifty-three) treated by emergency surgery, 22 per cent. of the patients (four of 
eighteen) treated by delayed surgery, and 10 per cent of the patients (two of twenty) 
treated by chemotherapy showed recurrences (Table IIT). 


4. Metastatic Bone Lesions 


When a patient was admitted, the focus or foci of infection were noted. Any additional 
foci that developed later were considered, for the purposes of this study, metastatic. By 
again dividing the patients into three groups, it was observed that there were metastatic 
abscesses in 23 per cent. of those treated by emergency surgery (twelve of fifty-three), 22 
per cent. of those treated by delayed surgery (four of eighteen), and 10 per cent. of those 
treated by chemotherapy (two of twenty) (Table IV). 
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TABLE III 


RECURRENCES 





No. of Recurrences 
Group Patients (No.) (Per cent.) 
Emergency surgery........ A re eae 53 21 10 
Delayed surgery.......... sty vanauaeane tetas pases Fi 18 | 22 
Chemotherapy............... Bie aaa Dae Dea oon 2 10 
Totals.... ’ rere oes ee aie a dea 91 27 


TABLE IV 


MEeErAstTATic ABSCESSES 


No. of Metastatic Abscesses 

















Group Patients (No.) (Per cent.) 
Emergency surgery. ..............0-0005 Sica, Oa 12 23 
CR ee re ae een tee 4 22 
CC SE 2 10 
ee ee 18 





In some of the patients treated by the systemic technique, rather extensive roent- 
genographic changes were noted. It seemed desirable to make comparative studies of the 
roentgenograms; but, because most of the older films were not available for inspection, 
it was impossible to do this. Although this would have been an interesting addition to the 
study, it is not essential, since this is a study of end results, and the important statistics 
are covered by the phases enumerated. , 


ANALYSIS OF OBSERVATIONS 


These figures are so startling, particularly with regard to mortality, that one is led 
to wonder if the more radical procedure, emergency incision and drainage, was used on the 
sicker patients, while the more conservative chemotherapeutic method was reserved for 
the less urgent cases. As far as can be determined from the records, no such differentiation 
was made. Certainly the twenty patients treated by the systemic approach were not sub- 
jected to this therapy because of the mildness of their illness, but rather because of the 
conviction of the surgeon. Fourteen of these patients had records of blood cultures, eleven 
of which were positive. In the eight fatal cases, only one patient seemed to be very ill on 
admission. Six of the remaining seven showed positive blood cultures. The Delayed 
Surgery group contained a number of patients who were so sick on admission that the 
nature of their illness was obscure. Indeed, the reason for delay was generally the need 
for further time to establish a diagnosis. 

The figures enumerated lead to the following conclusions: The best results were 
obtained in patients who were treated by the systemic approach. Delay in instituting 
surgical drainage was proved not the dangerous practice we have believed it to be. On 
the contrary, the results were much better in this group than they were in those patients 
who had immediate incision and drainage. The most striking differences were noted in the 
distribution of the fatalities,—none in the Chemotherapy group, one in the Delayed 
Surgery group, and seven in the Emergency Surgery group. 

Whatever may have been said of the theoretical arguments against immediate 
surgical intervention, the factual reports prompt us to accept the newer methods, par- 
ticularly now that we have antibiotics. 

The most important change in method is based on the idea that the treatment must 
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be directed toward the patient as a whole, rather than toward the osteomyelitic lesion. 
This sounds obvious, but emphasis on this concept leads to an alteration in the details of 
the treatment. It is still imperative that early diagnosis be made. It is even more urgent 
that systemic antibacterial measures be started immediately. Indeed, this is so important 
that such treatment should be instituted before the corroborative diagnostic tests have 
all been completed. One may expect from this that a fair percentage of the potential bone 
infections will be aborted. The bactericides will also serve as an excellent controlling 
medium, preventing expansion of the infection and protecting the patient against the 
spread of bacteria through the blood stream. 

If a definite abscess is recognized, it is desirable that surgery be delayed until the 
autogenous protective mechanism and barriers have been set up, and until the bac- 
teriaemia has cleared. At that time, surgery may be indicated for the institution of drain- 
age. The trauma of the operative procedure should be limited to the confines of the 
protective barrier. When the abscess is small, or when bone damage is recognized by roent- 
genogram only, it is possible that surgery may be avoided. However, some of these small 
abscesses enlarge slowly as months go by, and careful surgical judgment must be exercised 
to determine the need for incision and drainage. Certainly a number of bones that showed 
considerable structural change by roentgenogram demonstrated the ability to readjust 
themselves without surgical interference. 

Our knowledge of the techniques and characteristics of chemotherapy has improved 
over the years. It is not always enough to administer antibiotics only until the fever has 
subsided; one must continue their administration for some time after the systemic mani- 
festations have been overcome. In two patients, treated before this procedure was 
adopted, it was observed that the osteomyelitis became active again upon early with- 
drawal of the drugs, and a new intensive period of medication was required before the in- 
fection was eradicated. More recent studies with chemotherapeutic agents indicate that 
the organism may develop tolerance to these drugs. It appears desirable, therefore, to treat 
these patients with massive doses, and to prolong the treatment for seven to ten days 
after all clinical signs of the disease have receded. It is further deemed necessary to keep 
the patient under careful observation for several months after this period. 

The institution of therapeutic procedures before the nature of the disease has been 
established may offend the academic instincts of those who require a diagnosis before 
beginning treatment, but the time element is so important that we are justified in mobiliz- 
ing our defensive forces at the first threat of an invasion. The undesirable effects of such 
treatment are negligible, while experience with the twenty-five healed cases excluded from 
this series warrants the anticipation that many osteomyelitic lesions may be aborted. It 
is believed that, as surgeons become indoctrinated with this method, scientific justification 
will follow in the form of a statistical demonstration of the reduced incidence of hema- 
togenous osteomyelitis. 

1. Puemisrer, D. B.: Pyogenic Osteomyelitis, p. 727F. /n Orthopedic Surgery, edited by R. K. Ghormley 
New York, Thomas Nelson and Sons, 1938. 
DISCUSSION 

Dr. Datias B. PHemistEeR, Cuicaco, [LuiNors: These excellent presentations have shown that penicillin 
therapy is actually revolutionizing the treatment of acute pyogenic osteomyelitis; but the same does not 
hold for the cases that are inadequately treated during the acute stage and have become chronic. There, 
bone surgery must be combined with penicillin therapy, in order to get satisfactory results. When the initia- 
tion of penicillin treatment is delayed until after extensive necrosis of bone has occurred, the dead bone may 
be rendered so sterile that it undergoes creeping replacement by new bone, not unlike that which takes 
place in a sterile bone graft or bone infarct. This was shown by Dr. Altemeier to be true for children. That it 
may occur in adults is illustrated by the following two cases: 

In one case of severe staphylococcic osteomyelitis of the femur in a soldier, twenty-seven years old, 
massive penicillin therapy was started seven days after the onset of infection and was continued for five 


weeks. Extensive necrosis of the cortex in the course of about five and one-half weeks revealed evidence of 
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absorption of an intensively necrotic ten inches of the shaft, with beginning sequestration and involucrum 
formation. Roentgenograms, four and one-half months later, showed marked absorption of the dead bone and 
an extensive involucrum. Seven and one-half months later, nearly all the dead bone had been absorbed; and 
at nine and one-half months the new-bone formation was almost complete. One year from the onset, all of 
the dead bone had been removed and the shaft was so well formed that the repair could be considered 
complete. 

The second case is that of a thirty-year-old woman who had an acute pyogenic osteomyelitis, involving 
the head and upper four inches of the diaphysis of the left femur, and pyogenic arthritis of the hip joint, 
Sulfadiazine and penicillin treatment was not started until the sixth day, by which time there must have 
been extensive necrosis of bone in the head, neck, and shaft, extending to the subtrochanteric region. The 
treatment was continued for five weeks, after which it was resumed at irregular intervals for a period of ten 
months. The infection was overcome and healing was accomplished without abscess formation or operation, 
Two weeks after the start of the process, roentgenograms showed practically no signs of change in the bone 
or joint, but at the end of two months there were evidences of extensive necrotic bone in the head and neck 
and extensive absorption in the intertrochanteric and subtrochanteric regions of the shaft. Subsequent 
roentgenograms, during the course of fifteen months, showed gradual disappearance of all of the dead bone, 
That in the shaft and in most of the neck was replaced by new bone; but the upper portion of the neck and 
head, being free from any surrounding osteogenetic elements, and subject to stress and strain as it was invaded 
by new bone from below, broke off and was eroded and absorbed, with complete absence of any replacement 
by new bone. This was accomplished by healthy granulation tissue, acting on a sequestrum that had been 
sterilized by the penicillin and sulfonamide therapy. Had the dead head not been sterilized, it would not 
have been absorbed, and an operation would have been necessary for its removal. 


Dr. Frank D. Dickson, Kansas Crry, Missourt: There can be no doubt but that penicillin influences 
favorably the course of infection in bone. If used early in the disease, it will control the infection in a high 
percentage of cases. Unfortunately, however, cases are often seen after a lapse of considerable time because 
an early diagnosis had not been made, and we are confronted with an abscess already present in the bone. 
In this type of case, early drainage is indicated and should be carried out. Our experience, both before and since 
the advent of antibiotics, has convinced us that early drainage in the majority of cases will shorten the course 
of the disease, will reduce to a minimum the amount of bone destruction, and is the greatest safeguard against 
later lighting up of foci which are quiescent but not necessarily cured and, therefore, potentially capable of 
becoming active again under favorable conditions. . 

Dr. Altemeier reported 12.6 per cent. of recurrences in sixty-seven cases followed as long as sixteen 
months after treatment with penicillin, but without drainage. Our experience suggests that this percentage 
will increase as time goes on, because latent infection can be present in bone and can be very difficult to 
determine by roentgenogram. There is no place for surgery, in my opinion, in the treatment of osteomyelitis 
in the presence of septicaemia and pyaemia with multiple abscess formation. In such cases we are dealing 
with a true septicaemia; the opening of a single bone abscess will serve no useful purpose, and may do actual 
harm. However, it is my opinion, based on long-established surgical principles, that drainage is indicated 
when a single abscess is present without septicaemia. It is still my thorough conviction that early drainage 
can be safely done, for, properly performed, it carries with it practically no surgical risk. It is difficult for me 
to understand why a simple procedure, which follows established surgical principles, should have so much 
opposition. Obviously, the treatment of osteomyelitis without the use of modern antibiotic agents should 
be obsolete, but failure to use proper surgical drainage in the presence of pus in bone is equally untenable. 


Mr. H. J. Seppon, Oxrorp, ENGLAND: It seems to me that we have three things to consider: first, the 
control of the systemic infection; second, the evacuation of an abscess, if present; and third, the prevention 
of secondary infection. In penicillin we have an almost perfect agent for controlling systemic infection. I 
agree with everything that Dr. Dickson has said about the need for evacuation of an abscess. If we examine 
pus from an abscess three or four days after intensive penicillin treatment has been started, it will be found 
to contain very lively staphylococci. The abscess is not sterilized; and, if it is left, the staphylococci will 
persist. Evacuation is not an urgent matter, but a decision for or against drainage should usually be made 
within two or three days of the institution of systemic penicillin treatment. The lesion may subside very 
rapidly; all pain and swelling may disappear within three days, and it is then safe to do nothing. If tenderness 
persists, incision is necessary. If, as is likely, a subperiosteal abscess is found, it is absolutely essential to 
drill the bone, for there is no other way of determining whether an intra-osseous abscess is present. A small 
drill should be used, and the first hole should be made in the bone at the metaphyseal end of the floor of the 
abscess cavity. Quite frequently, pus wells out when this first drill hole is made. Drilling is continued, in a 
line away from the metaphysis, until blood is tapped. There is no risk whatever of causing spread of infection, 
since the blood stream carries a protective concentration of penicillin. 

There need be no hesitation in closing the wound, but, generally speaking, the skin alone should be 
sutured, and interrupted stitches are essential. If the wound is inspected after four days (which is unnecessary 
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and undesirable), it will be found to look like an incision made over the tibia for removal of a bone graft. 
This is, I believe, the complete answer to the bugbear of secondary infection. 

These views are based on the work of my colleague, Trueta, who has treated al! our cases of osteomyelitis 
between June 1944 and January 1947. There were fifty in all, and the results are as follows: There were no 
deaths, no amputations, no deformities, no joint infections developing after admission, no secondary foci 
developing after treatment had been started, no recurrences, and no pathological fracture or dislocation. In 
all but one case, the second in our series, function is perfect; that patient has limitation of knee flexion (0 to 
90 degrees) and the femoral abscess was not drained. In forty-seven of the fifty cases (fifty-five foci), healing 
was sound. Sequestra developed in seven of the fifty-five infected bones. 


Dr. A. W. Farmer, Toronto, Canapna: The following data were given to me by Dr. R. Wilkinson, who 
has cared for these patients in recent years: 

At the Hospital for Sick Children, Toronto, from 1923 to 1936, there were 674 cases of acute hema- 
togenous osteomyelitis with 140 deaths, a mortality of 20.7 per cent. From January 1940 to June 1947 there 
have been 169 cases with 7 deaths, a mortality of 4.1 per cent. 

Autopsies were done in the seven fatal cases. In all, death was due to septicaemia with multiple pyaemic 
abscesses. There have been no deaths since August 1944. 

Since the spring of 1942, following the lead of our late Surgeon-in-Chief, Dr. D. E. Robertson, we have 
not been operating upon patients with acute haematogenous osteomyelitis at the Hospital for Sick Children. 

We have been using penicillin routinely in osteomyelitis only since January 1945. From January 
1945 to June 1947, there have been thirty-eight cases, twenty with positive blood cultures. Three of these 
have required sequestrectomy. One suffered a pathological fracture of the femur, which has united. In no 
case did secondary lesions develop while the patient was in the Hospital. There were no deaths and none of 
these patients has a sinus. 

In conclusion, four observations have been made on this method of treatment: 

1. The clinical course of these patients is better than it used to be. 

2. There has been less death of bone. 

3. Multiple foci are rare. 

4. Mortality has been reduced from 20.7 per cent. to 4.1 per cent. 


Dr. W. A. ALTEMEIER (closing): I wish to thank the various discussors for their remarks and to empha- 
size several points. 

A review of the literature indicates the marked effect of penicillin on the mortality rate from acute hema- 
togenous osteomyelitis. Whether treatment consisted of the parenteral or intramedullary administration, 
the mortality has been reduced to less than 2.0 per cent. In our series it was 1.4 per cent. The decrease in 
morbidity was equally significant. 

Definite abscesses, developing before or during therapy, should be incised surgically under the pro- 
tective screen of systemic penicillin therapy, as soon as the condition ef the patient permits. The abscess 
usually contains not only viable bacteria, but also necrotizing toxins, capable of producing further destruction 
to adjacent bone. Drilling cf the metaphysis in the presence of a subperiosteal abscess has not been necessary, 
in our experience. 

Although there have been nine recurrences in sixty-seven cases treated with penicillin, a definite reason 
has been apparent in all but two, this reason being either a delay in diagnosis and treatment until advanced 
destruction of bone had occurred, inadequate dosage, or faulty administration. The great majority of 
recurrences occurred in the group of patients whose treatment was delayed nineteen to twenty-three days 
and whose infection had produced both abscess formation and extensive damage to the bone. It does not 
seem logical that the drilling of holes through extensive areas of dead bone would make any significant dif- 
ference in the ultimate roentgenographic changes. 


Dr. I. WittiamM Nacutas (closing): I am grateful to the discussors for not making this picture sound 
one-sided. We do not have the complete answer yet; other factors enter the problem. Sterilization alone 
will not prevent avascular necrosis in an area that relies for its circulation on an end artery which has been 
blocked by thrombosis; but this is a separate problem. Our immediate question should be, ‘‘Which is the 
better technique for the treatment of acute osteomyelitis?’’ Our report would indicate that the more con- 
servative procedure gives better results. It is to be hoped that improvement in technique, better antibiotics, 
and earlier diagnosis will yield even better results. 
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VERTEBRAL OSTEOTOMY 
TECHNIQUE, INDICATIONS, AND RESULTS 
BY DOCTEUR J.-J. HERBERT, AIX-LES-BAINS, FRANCE 


From the Rheumatism Center of Aix-les-Bains 


The correction of deformity of the vertebral column in ankylosing spondylarthritis 
is relatively simple, provided the bony segments in the thoracolumbar region have not 
fused. In a series of observations recently recorded by the author, the correction has been 
obtained in a very satisfactory manner by simple orthopaedic means; but the problem is 
not the same when ankylosis is complete. 

Let us recall that the deformity is a long thoracic and lumbar kyphosis, the head as- 
suming the forward position. When there is bony ankylosis of the thoracic, lumbar, and 
sacral segments, it is evident that orthopaedic measures will be unsuccessful. 

What is to be done? At first glance the problem appears simple. Correction of the 
deformity of the long bones can easily be accomplished by osteotomy. As for the vertebral 
column, it is necessary to do the same thing,—that is, an osteotomy. Unhappily, the 
comparison must end here, because the vertebral column contains within it the spinal 
cord and nerve roots. 

The spinal cord is protected by two bony masses, constituting virtually two bony 
columns,— posteriorly, the spinous processes, flanked by the laminae and articular proe- 
esses; in front, the vertebral bodies. In spondylarthritis of these two columns, there is 
fusion in an awkward position. In order to re-establish equilibrium, it suffices to make in 
succession two cuneiform osteotomies, the apices of which should be directed toward the 
vertebral canal, the bases away from it. , 

Few authors have interested themselves in the problem of vertebral-body osteotomy; 
for, while it is relatively easy to attack the elements of the neural arch from behind, the 
same is not true of the posterior approach to the vertebral bodies. Hue approached the 
vertebral bodies through the lumbar muscles. However, this is not practical; the vertebral 
bodies are deep, and the proximity of the lumbar plexus adds to the difficulties. 

We have often noticed, during lumbar sympathectomy, the ease with which one can 
reach the vertebral bodies through the left lumbo-iliac incision, pushing forward and to 
the right the abdominal mass. It is by means of this approach that one should carry out 
the osteotomy of the vertebral body. 

In short, vertebral osteotomy can be accomplished in two stages, at an interval of a 
fortnight or three weeks: 

1. That of the neural arch, by the posterior approach; 

2. That of the vertebral body, by the flank approach. 

Smith-Petersen had the great merit of carrying out the first vertebral osteotomy, 
obtaining his corrections by osteotomy of the neural arches alone. After resection of two 
or three lumbar spinous processes, he sectioned the ligamentum flavum or, if this strue- 
ture had ossified, he performed an osteotomy; he next osteotomized the articular proe- 
esses at one or more levels. Correction was then accomplished and grafts, taken on the 
spot, were so placed as to favor ankylosis in the corrected position. The author believes, 
however, that the posterior osteotomy alone is insufficient in cases with a considerable 
degree of ossification of the anterior longitudinal ligament. 

La Chapelle of Amsterdam has performed osteotomy on both neural arch and verte- 
bral body, as described here. His patient’s condition was one of spondylarthritis follow- 
ing trauma, with total bony ankylosis. La Chapelle operated in two stages, following 4 
technique very near to that which will be described here. 
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TECHNIQUE 
I. First Stage: Osteotomy of the Neural Arch 

One commonly finds at operation, ossification of the interspinous and flaval ligaments. 
To have seen the masses of bone that have replaced the posterior articulations or inter- 
laminal spaces is sufficient to realize how difficult it is to perform the osteotomy along the 
articular planes, as has been done by Smith-Petersen. It has been my practice to osteoto- 
mize the mass of bone representing the fused articular processes between the second and 
third lumbar vertebrae, as well as the bridge of bone often found between the laminae and 
spinous processes of these vertebrae. In this way the vertebral canal and the intervertebral 
foramina are opened. It is in the osteotomy of the fused posterior articulations, situated 
as they are immediately behind the intervertebral foramina, that one finds the key to 
successful intervention. The osteotomy is wedge-shaped or rather trapezoid, the apex 
being at the level of the intervertebral foramina and the base being formed by the two 
corresponding spinous processes. 

The accomplishment of such an osteotomy is difficult, for in spondylarthritis, espe- 
cially in the more advanced stages of evolution, the bone is prone to be as hard as ivory. 
One must proceed with the osteotome; the rongeur is powerless. To open the vertebral 
‘anal by this method necessitates considerable skill and the use of a good deal of force. 
An ill-directed blow of the hammer may result in penetration of the dura and the creation 
of lasting caudal or root lesions. 

The operation is performed under a general anaesthetic; the patient, supported by 
pillows, lies prone. 

The incision follows the mid-line and extends from the first to the fifth lumbar spin- 
ous processes; it is necessary to have a wide field of operation. Four spinous processes 
must be freed, one above and one below the two spinous processes at the site of osteotomy. 
The approach is subperiosteal and includes the articular processes of the second and third 
lumbar vertebrae. The reflection is continued farther laterally, until the transverse proc- 
esses of the third lumbar are reached. It is also necessary to partially free the posterior 
articulations between the third and fourth lumbar vertebrae, as well as those between the 
first and second. An excellent view of the structures to be osteotomized is indispensable. 

The structures between the third and fourth lumbar spinous processes are divided 
obliquely, the osteotome being directed anteriorly and cephalad, and penetrating to the 
laminae. At this point it is necessary to be very prudent, knowing how not to advance 
the edge of the osteotome more than a few millimeters at a time, so as not to brutally 
break into the vertebral canal. One proceeds in the same manner between the first and 
second lumbar spinous processes during the osteotomy, the osteotome being directed 
anteriorly and distally. 

One then proceeds laterally te the outer edge of the fused articular processes between 
the second and third lumbar vertebrae, using the transverse processes of the third lumbar 
vertebra as a guide. It is necessary to employ a curved osteotome. The osteotome should 
be directed tangentially to the transverse processes. The posterior articulation is removed, 
little by little, by means of light taps of the hammer. The lever-like movements of the 
osteotomy tend to raise the intervening bone; finally it becomes detached. If the oste- 
otomy has been well carried out, the vertebral canal and the two intervertebral foramina 
are found to be open at the completion of the osteotomy, and the spinal dura comes into 
view. Often, through fear of going too far, one leaves a little bony bridge behind the 
intervertebral foramina, which could easily have been removed with a thin rongeur. 

Examination of the bony block removed at the osteotomy shows it to be composed 
of the second and third lumbar spinous processes with the more or less ossified interven- 
ing interspinal ligaments, the two corresponding pairs of laminae, and the posterior ar- 
ticulations between the second and third lumbar vertebrae. If there is no ankylosis of the 
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vertebral bodies, one can correct the deformity by removal of the wedge of bone created 
by the osteotomy. The correction is accompiished by raising the superior portion of the 
trunk, through the help of assistants. Sometimes a dry crack indicates rupture of the an- 
terior common ligament at the level of the osteotomy, whereupon correction of the defor- 
mity follows. If there is bony ankylosis anteriorly, the straightening can be done only at 
the time of the second stage. 

A fairly large opening of the vertebral canal and the two foramina is necessary. The 
laminectomy should measure about four centimeters from its upper to its lower limits, 
at the level of the tips of the spinous processes; at the intervertebral foramina it should 
be one centimeter. These dimensions vary with the degree of kyphosis. Following corree- 
tion, the laminae should no longer come into contact, but the posterior walls of the inter- 
vertebral foramina should close. There should be vertebral support at the level of the 
osteotomy,—in front, by the contact of the posterior edges of the vertebral bodies adja- 
cent to the osteotomy; at the back, by contact of the remnants of the neural arches at 
the posterior wall of the intervertebral foramina. 

During the operation, one is struck by the slight amount of hemorrhage of the bone 
surfaces. Hemorrhage can be controlled with a little patience. It is well for cosmetic rea- 
sons to bevel the spinous processes of the vertebrae, above and below the osteotomy site. 


Postoperative Care 


The kyphotic position should at first be maintained by the support of pillows. Cor- 
rection should be gradual, in order to avoid undue stretching of the nerves; gradually the 
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Case 1. Lateral and anteroposterior views of spinal column before operation. 
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Anteroposterior view , ohne year aiter operation. 
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Anteroposterior view of spine after operation. 
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Fia. 
Lateral view of spinal column after operation. 
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supporting pillows are reduced. Acute pain may be experienced, especially in the area of 
distribution of the lateral cutaneous nerve of the thigh. This pain disappears in about ten 
days. When correction is considered to be sufficient, a plaster jacket is applied. 

If correction does not occur or is insufficient, a second operation becomes necessary. 


II. Second Stage: Anterior Osteotomy 


It must be remembered that one of the characteristic lesions of ankylosing spondyl- 
arthritis is the ossification of the anterior longitudinal ligament. This is often partial, in- 
complete, and of varying density. 

The operation consists in resection of the disc corresponding to the posterior oste- 
otomy, followed by immediate reduction of the kyphosis and the introduction of a tibial 
graft between the osteotomized vertebrae. An alternative procedure is the transverse 
sectioning of the anterior longitudinal ligament at the level of several discs, followed by 
delayed reduction of the kyphosis. These two procedures may be used in combination. 


Exposure 

The patient is placed in the semi-supine position. A horizontal incision is made, from 
a point about five centimeters lateral to the umbilicus to the anterior border of the fascia 
about. the lumbar erectors. The muscles are divided and the peritoneum exposed. The 
peritoneum is reflected from the posterior wall, and at the same time the abdominal vis- 
cera are retracted forward. It may be necessary to divide the eleventh and twelfth ribs, 
in order to enlarge the space between the thoracic border and the iliac crest, narrowed by 
the kyphosis. In one instance it was necessary to divide the ninth and tenth ribs, in addi- 
tion, in order to obtain a satisfactory exposure. The vertebral bodies and intervertebral 
dises come well into view as the peritoneal reflection is continued toward the mid-line. 
During the vertebral exposure there may be considerable bleeding, especially along the 
upper psoas. The dissection is continued behind the aorta, which can be plainly seen. In 
controlling the hemorrhage, the use of clips is indispensable. The vertebral bodies are 
liberated subperiosteally with a sharp curved elevator. 

It is relatively easy to expose 
the second, third, fourth, and fifth 
intervertebral dises. The first dise 
is practically inaccessible. 


Vertebral Osteotomy 


The dise may be resected, care 
being taken to avoid opening the 
vertebral canal. An alternative pro- 
cedure consists in simple section of 
the anterior longitudinal ligament. 
Usually a scalpel suffices in either 
procedure, the osteotome being un- 
necessary. During the procedure, an 
assistant may move the vertebral 
column into extension, causing cor- 
rection which can be seen at the 
site of resection of the disc. 

If the use of an intervertebral 
graft is considered necessary, its 
dimensions are determined and a 
Fic. 1-G bed for it is prepared in the wedge- 





Lateral views of patient, before and after operation. shaped intervertebral space. The 
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bone is removed from the tibia and carefully inserted across the resected intervertebral 
disc. 

Hemostasis is then secured; this may be difficult. Following the closure of the wound, 
the patient is encased in a plaster jacket, applied on the operating table. An orthopaedic 
table is necessary, in order that the jacket may be applied at the time of surgery without 
moving the patient. 

Following operation, there may be fairly acute pain in the region of the lower por- 
tion of the abdominal wall, the upper portion of the thigh, and the lateral aspect of the 
thigh, especially in the distribution of the lateral femoral cutaneous nerve. These pains 
may be experienced during a period of from eight to ten days. The pain may be eliminated 
by flexing the hip joints, thus demonstrating that it is due to nerve tension. In general, 
the patient becomes symptom-free after twelve days and can be ambulatory in two or 
three weeks, wearing, of course, 
his plaster jacket. 


INDICATIONS 


From a theoretical viewpoint, 
this operation is good for all serious 
and correctable vertebral kyphoses. 
In practice, it is essentially for 
spondylarthritis with advanced an- 
kylosis and kyphotic deformity. 
This is the only type of case in- 
cluded in this series. 

It is necessary to operate at 
the optimum time. The opinion is 
commonly held that surgical inter- 
vention in cases of rheumatoid ar- 
thritis ought not to be undertaken 
during an active phase, but should 
await a time when there is lessen- 
ing or absence of pain. Such a time 
is further indicated by a normal 
Verne reaction and the return of , 
the sedimentation rate to normal. Fic. 2-A Fic. 2-B 





While such a view may be correct Case 2. Lateral views of patient, before and after operation 

for polyarthritis, it is not applica- 

ble to spondylarthritis. This is also the opinion of Smith-Petersen. Deformity appears in 
spondylarthritis at a relatively advanced stage of evolution, often three to five years or 
more after the onset of the disease. If one wishes to await the cessation of activity, there 
may be a delay of ten years, the lesions during this time having become incurable, the 
intervention more difficult, and the result in the main less satisfactory. 

In choosing the time to operate, it is more important to consider the general state 
of the patient than the degree of activity of the rheumatoid lesions. Often, however, the 
general and local conditions parallel one another. 

The following policy is reeommended in the management of spondylarthritis: 

1. Early mobilization as soon as the least deformity appears or as soon as pain 
becomes intense; 

2. The correction of deformity, when it exists, and the maintenance of correction by 
non-operative orthopaedic means; 

3. In the event of failure of correction by simple orthopaedic measures, the corree- 
tion of deformity by vertebral osteotomy is indicated. 
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Fic. 4-C Fic. 4-D 


Patient resting on table, before and after operation. 


It is very evident that the orthopaedic treatment, both operative and non-operative, 
is only one of the elements in the therapy of this condition. Although the patient’s de- 
formity may be corrected, the disease remains, and the patient should submit to the 
discipline of medical treatment for a considerable period. Physical therapy should not 
be neglected. The ultimate success must depend upon the general state of the patient’s 
health. 


CASE REPORTS 


Case 1. In Mrs. B., thirty-seven years of age, spondylarthritis developed at the age of seventeen, but 
actual deformity was not noted until 1939, twenty years later. At the time of operation there was a pro- 
nounced thoracic and lumbar kyphosis; the head projected forward about thirty centimeters from the ver- 
tical. The roentgenogram revealed complete ankylosis of the posterior articulations, with ossification of the 
flaval and interspinal ligaments. The cervical segments of the column were normal. 

On January 2, 1947, posterior osteotomy was performed at the level of the second lumbar intervertebral 
disc. Correction was immediate. 

Following operation there was pain in the distribution of the lateral cutaneous nerve of the thigh. This 
subsided in a few weeks, and had disappeared by February 13. The patient became ambulatory at that time. 
Correction was almost complete. Early in May 1947, there was roentgenographic evidence of fusion at the 
level of the osteotomy. The patient was able to stoop and walk without pain or disability. 


CasE 2. Mr. D., thirty-seven years of age, had had spondylarthritis for ten years. Deformity began in 
1941. Actually there was a considerable thoracic and lumbar kyphosis. The patient could not look straight 
in front of him. The cervical column was involved. Roentgenograms showed ankylosis of the posterior articu- 
lations, as well as of the vertebral bodies. On January 15, 1947, an osteotomy opposite the first lumbar inter- 
vertebral dise was carried out. This proved insufficient to allow correction and, on January 31, the second- 
stage operation was performed; at this time the second, third, and fourth lumbar discs were sectioned. This 
sufficed to allow correction of the deformity on the operating table. Immediately the patient was placed in a 
plaster jacket. 

During the following days, there was pain on the anterior and lateral aspects of the thighs, but this dis- 
appeared at the end of a few weeks. The patient became ambulatory after two weeks, and a month after 
operation he was able to make the journey from Aix-les-Bains to Paris, to be presented at the meeting of the 
Anti-Rheumatism League on March 13, at the Saint Antoine Hospital. 


Cask 3. In Mr. M., thirty-six years of age, spondylarthritis developed in 1941, while he was a prisoner 
in Germany. Deformity was noted during 1943. There was general kyphosis, which included the cervical, 
thoracic, and lumbar regions, but which was especially marked in the upper thoracic region. The head pro- 
jected forward from the vertical for a distance of about twenty centimeters. The entire column was fused, 
roentgenograms revealing ankylosis between the vertebral bodies as well as between the neural arches. On 
June 11, 1947, the posterior osteotomy was performed at the level of the third lumbar intervertebral disc. 
This operation did not accomplish correction and, on June 17, the anterior osteotomy was carried out at the 
level of the third lumbar disc. Correction was then obtained gradually and, by June 30, the patient could lie 
flat on a table with his head in the normal position. On July 5, a plaster jacket was applied, with anterior 
support of the Swain type. With this, the patient was able to walk comfortably for several kilometers. 
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Case 4, In Mr. 8., forty-two years of age, rheumatoid arthritis, with pain of sciatic distribution, de- 
veloped in 1927. Marked deformity was noted in 1935, the trunk being fixed in the forward-bent position. 
The forward projection of the head from the vertical was about forty centimeters. Cervical movements were 
fairly free. The roentgenograms revealed ankylosis, both anteriorly and posteriorly, but there was no fusion 
at the level of the third lumbar intervertebral disc. 

On August 1, 1947, the posterior osteotomy was performed at the level of the third lumbar disc. This 
operation alone was sufficient, for in a few days correction was obtained and, on August 6, the patient was 
able to lie flat on a table, supine, with the head in a normal position. A plaster jacket was applied on Au- 
gust 20, and the patient is now able to walk without pain. 


To perform these operations, skill and prudence are needed. Hemostasis requires a 
good deal of attention. 

The impressive thing in these cases has been the patient’s mild reaction to extensive 
correction, following the formidable operative procedure. The test of correction is the 
ability of the patient to lie flat on his back on a hard surface, the posterior aspect of the 
lower extremities, the lower part of the back, and the back of the head coming into con- 
tact with the table. If the patient can assume this position, balance has been re-established 
in a very satisfactory manner. 

The only postoperative complications encountered in this series have consisted of 
pain, due to tension upon the nerves, which is readily explained by the change of length 
resulting from the correction. This nerve-trunk tension occurs in the region of the lumbar 
plexus, particularly in the lateral cutaneous nerve of the thigh. It is of the utmost impor- 
tance that great care be exercised during the gradual postoperative reduction of the de- 
formity, to prevent undue pain from the stretching of nerves. 

All of our patients who have been treated in the manner described have been relieved, 
not only physically but mentally. 


Nore: Since this preliminary report was submitted, anterior and posterior vertebral osteotomies have 
been performed on five additional patients, with the same satisfactory results as in the cases reported here. 
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NORMAL FLEXIBILITY ACCORDING TO AGE GROUPS 


BY HENRY O. KENDALL AND FLORENCE P. KENDALL, BALTIMORE, MARYLAND 


Witru A Foreworp By GEorGE E. Bennett, M.D., BALTIMORE 


FOREWORD 


Accurate data regarding the normal flexibility of the human spine at various age 
levels are of extreme importance. Such data should constitute a guide in determining 
whether individual inability to accomplish certain movements is normal or abnormal. 

With the overemphasis on obtaining flexibility in much present-day treatment of 
poliomyelitic patients, we see increasing need for a guide as to what is “‘normal’’. The 
study presented here affirms the fact that an abnormal degree of flexibility is produced by 
certain forms of treatment. 

In patients affected by poliomyelitis and other diseases which produce muscle weak- 
ness, stability rather than flexibility is of paramount importance in the end result. Such 
stability is essential in the spine, as well as in the extremities. In the presence of muscle 
weakness, one should be unusually cautious to avoid stretch of the underlying structures, 
so that ligamentous and capsular support may help to compensate for loss of muscle 
support. 

This study raises interesting questions in regard to the relationship between age-level 
variations in flexibility and the age at which such conditions as epiphysitis and idiopathic 
scoliosis occur. One is inclined to ask what relationship strenuous flexion movements might 
have to epiphyseal disturbances and compression or wedging of the vertebrae. The ad- 
visability of certain physical-education activities, during the periods when flexion appears 
to be normally limited, should be considered carefully. , 

George E. Bennett, M.D. 


Touching finger tips to toes with knees straight is quite generally accepted as a 
“‘normal’’ accomplishment in physical examinations and in therapeutic-exercise pro- 
cedures. That such a movement is not ‘‘normal”’ for all age groups was observed by the 
authors in testing individuals, and was substantiated by a preliminary study in 1943?, in 
which muscle and posture tests were done on the entire student body at a girls’ school. 
Approximately 300 girls were tested in this survey, but the total number was too small 
for a conclusive report. In January 1947, arrangements were made with Elmon L. Vernier, 
Ph.D., Director of Health and Physical Education, Baltimore City Department of Educa- 
tion, to have his staff of physical-education instructors test school children for certain 
flexibility movements. A total of 4,533 school children from kindergarten through the 
twelfth grade were tested. To the results of these tests were added the results of tests done 
previously by the authors on 582 young adults. 

The instruction sheet to the physical-education teachers included the following 
directions: 

Test I: Reach finger tips toward toes, sitting with knees straight, feet at right angles, 
toes relaxed (Charts 1-A and 1-B). 

If the individual is unable to touch toes, measure the distance from middle finger to 
toes. Measurement should be made of held position, without any forcing or jerking forward. 

Test II: Bend forehead toward knees, sitting with knees straight and arms folded on 
chest (Charts 2-A and 2-B). 

Place a thin ruler (or cardboard) flat on knees; then with a second ruler, measure dis- 
tance from forehead (nearest point) of subject to knees. For those children who are able to 
touch forehead to knees, please check as to any special activities, such as acrobatics or 
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Touching finger tips to toes. Measurements of 5,115 individuals. 
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Test II—Bending forehead toward the knees. Measurements of 3,829 individuals. 
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dancing, that might account for their ability to perform this movement. Make a special 
sheet for this group of children, giving any pertinent information. 


RESULTS 
Explanation of Chart 1-A 

No infants or pre-school children were examined, but accomplishment of this test 
movement is considered normal for an infant. At the age of five, 98 per cent. of the girls 
and 86 per cent. of the boys can touch finger tips to toes with knees straight. A sharp 
decline follows, so that only about 30 per cent. of the boys and girls at the ages of twelve 
and thirteen, respectively, can perform the movement. This low point is followed by a 
marked rise, for five years or more, in the percentage of persons able to complete this test 
movement. 

The test results on young adults were not classified on the basis of age; hence they 
are grouped in the graph. The males in this adult series were students at a military acad- 
emy, and may represent above-normal degrees of flexibility. However, tests done by the 
authors on other adults, not included in this series, substantiate these findings. The 
females in this series were student nurses at the Johns Hopkins Hospital, examined at the 
time of admission to nurses’ training. 


Explanation of Chart 1-B 


Reading from the center outward, the columns represent the following: 

1. Total number of each age-group examined, both males and females. 

2. Percentage of individuals in each age-group who can touch finger tips to toes (as 
plotted in Chart 1-A). 

3. The mean distance of finger tips to toes, computed on the basis of those who are 
unable to touch. 

+. The range of limitation among those unable to touch finger tips to toes. 

There has been no attempt to give percentages on the basis of the total number 
examined, because age-level differences are far more important than over-all averages in 
this particular test. 

It was considered of interest to determine whether any muscle restriction was asso- 
ciated with the lack of flexibility. An angle of approximately 85 degrees in the single 
straight-leg-raising test for hamstring tightness was used as normal. The contour of the back 
was carefully observed in forward bending, to determine the presence of back tightness. 

In a series of fifty-three boys in Grade 7, the restriction was found to be as follows: 
Thirty-one had hamstring tightness (twelve slight, sixteen moderate, and three marked); 
one had back tightness; two had both back and hamstring tightness; and nineteen could 
not be classified as having any muscle restriction, but as showing a mechanical inability 
to touch the toes because of the length of the lower extremities. These nineteen individuals 
appeared to exhibit a stage of growth in which the lower extremities were abnormally long 
in relation to the trunk. 

Thirty girls of the same grade, who showed limitation, were checked, with these find- 
ings: Nineteen showed hamstring tightness (eleven slight, six moderate, and two marked); 
six showed back tightness; three had both back and hamstring-muscle tightness; and two 
had no muscle tightness. 

The range of limitation in forward bending varied from one-half inch to fourteen 
inches, with the mean approximately four and one-half inches for females and four inches 
for males. 


Explanation of Chart 2-A 


The ability to touch forehead to knees, when sitting with knees straight, may be 
considered normal for an infant. By the age of five, only 16 per cent. of the girls and 5 per 
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cent. of the boys could touch forehead to knees in this position. The number drops, so 
that between the ages of six and eighteen the average is approximately | per cent. for the 
boys and 4 per cent. for the girls. Of forty-four girls reported as being able to touch 
forehead to knees, twenty-three had had acrobatic or ballet dancing for varying periods 
of time, which suggests that approximately half of the girls had an acquired rather than 
an innate ability. 

Test results are incomplete for young adults, and have been omitted on the graph. 

The position of the arms (folded on the chest) has been questioned because of the 
possibility that such a position might limit flexibility. Testing the same individual with 
arms down and with arms folded on chest shows that the head is approximately one-half 
inch closer to the knees when the arms are down. However, in testing a large number of 
persons, the folded position of the arms has been found to ensure against assistance by the 
arms in a pulling or pushing movement, and makes test results more accurate. 


Explanation of Chart 2-B (to be read according to the explanation for Chart 1-B) 


The test results shown in this survey are similar to those reported by Gurewitsch and 
O'Neill. These authors reported test results on five separate test movements, one of which 
appears to be essentially the same as Test II in this paper. Another is essentially the same 
as Test | in this paper, except that Gurewitsch and O’Neill’s test was done with the subject 
in the standing position, whereas that reported here was done with the subject in the 
sitting position. 

The authors consider it advisable to do the flexibility test (Test I) with the subject 
in the sitting position. It has been observed that forward bending in the standing position 
may be limited by a unilateral pelvic tilt, or by clockwise or counter-clockwise rotation 
of the pelvis in relation to the thorax. The lateral tilt or rotation tends to disappear with 
the subject in the sitting position, with the result that frequently individuals who cannot 
touch the floor when standing can touch the toes when sitting. Such findings are more 
common among adults than among children, but should be considered in testing a large 
series of all age groups. 

As pointed out by Gurewitsch and O’ Neill, many factors influence test results. Chil- 
dren should not be given advance notice of the tests, nor should they be permitted to 
practise the test movements. In the series reported in this paper, school differences ap- 
peared which necessitated a sampling from various schools in several grades. Such differ- 
ences were probably due to the influence of physical-education procedures, which vary to 
some extent with schools. 

The average distance from head to knees in Test II was 6.9 inches for those unable to 
touch in the Gurewitsch and O'Neill series, which compares closely with the mean of six 
and one-half inches for females and eight inches for males in this series. The range of 
limitation in this series varied from one-half inch to twenty-three and one-half inches. 

Both studies showed that girls are more flexible than boys; and, in both, the age of 
twelve represented the period when the smallest number of children could touch finger 
tips to toes with the knees straight. 
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AN EVALUATION OF CERTAIN NON-OPERATIVE METHODS USED 
IN THE TREATMENT OF CEREBRAL PALSY 


BY HERBERT E. HIPPS, M.D., WACO, TEXAS 


Several years of experience in the conservative treatment of cerebral palsy have 
caused the author to doubt the value of some of the commonly used therapeutic procedures. 
A review of the current literature did not clarify the subject. Hence it was decided to test 
the more common therapeutic agents by using only one at a time, for a specific period, 
on a group of patients, and to attempt to measure the beneficial results of each. 


PROCEDURE 


Thirty-five patients with cerebral palsy were selected for this study; eighteen were 
predominantly of the spastic type, twelve were largely of the athetoid type, and five 
were of the ataxic group. Their ages ranged from six to seventeen years. All patients were 
considered to be of average intelligence. None had had convulsions since the first year of 
life. All those in the spastic and athetoid groups could balance themselves in a sitting 
position. Children were purposely selected who would be expected to show a fairly rapid 
response to treatment, in order to lessen as much as possible the over-all time necessary 
for this study. 

The evaluation of each of these measures was based on a few relatively accurate tests 
and measurements, supplemented by the opinions of the doctor in charge of the case, the 
physiotherapist who gave the treatments, the nurse or nurses who took care of the child 
on the ward, and the child’s mother. 

On the second or third day after admission, each child was examined and given tests 
applicable to his type of involvement. Then, for not less than one month and not more 
than four months, he was treated each day by only one of the methods under consideration. 
At the end of the trial period he was given another test, and the results were recorded. 
Either immediately after this trial period or during another period in the hospital, another 
method of treatment was started and carried on for the necessary period of time; after 
this the patient was again tested. The different types of treatment were never used con- 
currently during these tests. 

If, after four weeks, it became evident that a child was not making progress under 
one of these treatment procedures, the test period was continued no longer; or if, in this 
same period of time, he showed a distinct measurable improvement, the trial period was 
terminated. 

Since most patients of average intelligence improve slowly with the passage of time, 
regardless of treatment, a maximum time limit of four months was set for the completion 
of each test. A measurable improvement, occurring within that relatively short period of 
time, may justifiably be attributed to the form of therapy used rather than to a natural 
degree of recovery. 

TESTS AND MEASUREMENTS 

Measurements of the degree of voluntary motion the child could carry out in a certain 
joint, against contracted muscles, were possible in the spastic group of patients, and they 
were fairly accurate. 

Measurements of muscle coordination were obtained by having the child color a circle 
of a certain size with a red pencil. The number of times the pencil mark went over the 
circle line at each test, plus the general appearance of the coloring pattern and the time 
consumed in coloring, gave a fairly accurate picture of the behavior of the muscles. 

Since the ataxic patients could not balance themselves in a sitting position unless they 
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had a back rest, the ability to sit alone was used as a mark of their progress. The duration 
of each successful balancing effort was timed and recorded for each successive measurement. 

The ability to relax was measured by timing the interval between the request to relax 
and the patient’s accomplishment of that state. 

A simple wooden peg board, with the holes arranged in the form of a star, was used 
as an additional coordination test. The time necessary for the child to pull out and replace 
all the pegs served as a measurable criterion. 

These tests and measurements were always made at the same time of day, in the same 
room, by the same person, under as nearly identical conditions as possible. 

The opinions of the physiotherapist and of the doctor were recorded separately; 
and in each instance this was done before the final test was given to the patient. The 
ward nurse’s opinion of the child’s progress was usually based on the practical aspects of his 
ability to dress himself, comb his hair, wash his teeth, and take care of himself in general. 

The recorded opinions as to the patient’s progress were based largely upon the degree 
of his ability to execute a voluntary movement on command, and not upon his ability to 
relax. Although relaxation is an important step in training, the ability to relax alone is 
of little practical value to a child. Too often have we seen children who, after long periods 
of training, had been taught to relax, and who could do so completely; yet these children, 
on attempting to carry out some requested movement, immediately lost all their relaxation 
and returned to their previous spastic or athetoid state, still unable to execute successfully 
a practical, worth-while, volitional effort. 


Explanation of Treatment Used 


Muscle Stretching: The effort to correct spastic contractures and deformities was 
encouraged by manually stretching contracted muscles. For example, a scissor deformity 
of the lower extremities was treated by stretching the tight adductors. A flexed elbow was 
repeatedly stretched into a position of extension. 

Prolonged Immobilization: This was usually accomplished with casts. The legs in a 
scissor deformity were held in an abducted position by two long casts with a stick between 
them. 

Guided Rhythmical Passive Motion: If a knee would not straighten, it was gently flexed 
and extended in short, easy rhythmical movements, and the degree of extension was 
gradually increased as additional muscle relaxation was obtained. 

Light Massage: This consisted in soft, soothing, slow stroking of tense, unruly muscles. 

Heat: The affected extremities or parts were baked with an infra-red lamp. 

Bracing: Usually thigh-length, pelvic-band braces were applied to the lower extremi- 
ties of a spastic or athetoid child who could not walk, and he was placed between parallel 
walking bars and taught to walk. Later he used crutches and these braces; and, as he 
made progress, the braces were shortened. 

Pool: Patients with cerebral palsy did not go into the pool with other patients. Their 
exercises in the pool were carefully guided, and were carried out in such a way as to take 
advantage of the buoyancy and warmth of the water. 

Coordination Exercises: These exercises were carried out by the use of special toys, 
which necessitated a certain degree of coordination and dexterity in the affected extremity. 
Some of them required the use of only one extremity; others required the use of both hands; 
and still others needed the coordinated use of all four extremities. During his daily exercise 
periods, the patient played with these toys and was instructed in the proper use of them. 
Some of the toys and exercises included building blocks, hammer, wagon, and drum, for 
only one extremity ; modeling clay, accordion, popgun, winding musical tops, cutting paper 
dolls, and looking at a comic book suspended by a string, for both extremities. For coordi- 
nation of four extremities, we used the ladder bars, a scooter or a tricycle elevated on & 
stand so that it would not roll, and a jungle gym (pipe maze). 
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Type of 
Treatment 


Muscle-stretching exer- 
cises . ‘ 

Prolonged immobiliza- 
| er eee ne 

Guided rhythmical pas- 
sive motion... 

Light massage . 

Heat........ 

Bracing (walking) 

ae 

Coordination exercises . 

Diversion exercises 

Repetitious individual 
| 


NON-OPERATIVE TREATMENT OF CEREBRAL PALSY 


Joint 
Measure- 
ment 
Yes No 
0 18 
} 14 
10 8 
7 11 
0 18 
7 11 
18 0 
18 0 
16 2 


Yes = Improvement. 
No = Noimprovement. 


Peg 
Board 
Yes No 

0 18 

0 18 

6 12 

2 16 

0 18 

4 14 
16 2 
12 6 
17.1 


TABLE I 


ANALYsIS OF IMPROVEMENT AFTER VARIOUS TYPES OF TREATMENT IN SPASTIC GROUP 


Opinion 


of 

Mother 
Yes No 

3 15 
12 6 
is O 
16 2 

1 17 
is oO 
18 0 
is O 
is oO 
is O 


Opinion | Opinion of | Opinion 


of 
Nurse 
Yes No 
0 18 
0 18 
5 13 
4 14 
0 18 
g g 
17 1 
is O 
is O 


Physio- 
therapist 
Yes No 

0 18 

4 14 
14 4 

5 13 

0 18 
18 0 
16 2 
18 0 
18 0 
18 0 


of 
Doctor 


Yes No 
0 18 
4 14 

12 6 
6 12 
0 18 

16 2 

13 5 
18 0 
is °O 
is O 


Ability 
to 
Relax 
Yes No 
0 18 
0 18 
yg 8) 
4 14 
2 16 
0 18 
15 3 
6 12 
10 Ss 
17 l 
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Circle 
Test 
Yes No 
0 18 
0 18 
gy gy 
i 
2 16 
2 16 
18 0 
17 1 
18 0 


Diversion Exercises: This is a method of getting the child to exercise the extremity in 
the required way, while his attention is diverted to something else. We had often noticed 


that a child could perform a certain movement, such as opening his hand, when no one was 
near him, but that when he was asked to do it, intense spasm and incoordination occurred 
and the fingers flexed tighter than ever. The diversion was usually soft, rhythmical, waltz- 
time music. For example, the child lay on his back on a mat, and was taught to raise the 


arm and drop it in time to the music. This exercise was applicable to all four extremities. 
Marking on a blackboard, hammering, or other similar activities were also done in time 


to music. 


Type of 
Treatment 


Prolonged immobilization 


Light massage........ 
ee ee 
Pool .s oss ° oe . 
Coordination exercises . 
Diversion exercises... . 
Bracing for walking. . . 


Repetitious individual efforts... .. 


Circle 
Test 

Yes No 
0 12 
2 10 
0 12 
5 7 
6 6 
8 4 

3 @ 


TABLE II 


Opinion 
of 
Mother 
Yes No 
0 12 
12 0O 
6 6 
12 0O 
12 O 
12 0O 
12 O 
12 O 


Opinion 


of 
Nurse 
Yes No 
&. & 
0 12 
0 12 
3 9 
10 2 
12 O 
12 O 


Opinion of 
Physio- 
therapist 


Yes 





Yes = Improvement. 
No = No improvement. 
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No 


Opinion 
of 


Doctor 


Yes No 
0 12 
0 12 
0 12 
} 8 

12 0 

12 O 
6 6 

i2 O 


Peg 
Board 
Yes No 
0 12 
1 ll 
0 12 
2 10 
8 } 
8 4 
12 0 


Ability 
to 
Relax 
Yes No 
0 12 
} 8 
0 12 
2 10 
6 6 
7 5 
11 l 
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TABLE III 


ANALYSIS OF IMPROVEMENT AFTER VARIOUS TYPES OF TREATMENT IN ATAXIC GROUP 


Balancing-Interval Time 


ee ft Sitting Still plus 
Sitting Still Only - ; 


Type of Treatment Arm Movements 


No No 
Improvement Improvement | Improvement Improvement 


Pool. ... 5) 0 ‘ 2 
Bracing (special chair) 5 0 5 0 
Light massage. . l 4 0 5 
Repetitious unaided balancing efforts... .. . 3 2 2 3 


Repetitious Individual Efforts: The child was given a job to do, an exercise to perform, 
or an objective to accomplish, and was urged constantly to do it by himself. He tried and 
tried, again and again. He may have been commended, praised, cajoled, or even remon- 
strated with, but never was he helped manually or with apparatus in the performance of 
that one thing. When he became tired or nervous, he rested; but, when rested, he tried 
and tried again for long periods of time to master that one requirement. 

DISCUSSION OF RESULTS 

This study was conducted primarily to determine which treatment procedure was of 
value, and which was not of value. It was not intended to be a quantitative analysis of 
the respective merits of each procedure, and could not accurately be so, chiefly because of 
the variable time factor in the trial period of each test. Nevertheless, it was fairly obvious 
that some procedures were distinctly of more value than others. 

An analysis of the statistical details (Tables I, II, and III) indicates that the following 
individual therapeutic measures, as defined, are of no value in the treatment of spastic and 
athetoid patients: muscle-stretching exercises; prolonged immobilization; heat, in the form 
of baking; and light massage. 

The following procedures are of limited value: guided rhythmical passive exercises 
and pool therapy. 

The most valuable procedures are: bracing (for walking), coordination exercises, 
diversion exercises, and repetitious unaided individual efforts. 

No conclusions were formed in the ataxic group, as the number of patients was too 
small. 

The repetition of individual unaided efforts apparently ranked high in efficiency 
among the treatment measures studied. However, this is really not a special treatment 
procedure, because no special techniques of training were used. The child learned by con- 
stantly trying. He learned in his own way. He learned as any other child learns to do 
things, by trying to do them. It is obvious, therefore, that improvement came about 
because of his constant prolonged efforts to do the one thing required of him. This should 
emphasize the importance of continuing our training efforts all day long, at every available 
opportunity, and not for an hour or a two-hour period each day. 

From this work, we cannot be certain just what combinations of these measures would 
be of most value. However, if we combine those that individually are of proved value, and 
eliminate those that are of no value, our treatment of patients with cerebral palsy should 
be improved, particularly if we carry on with them for long periods of time each day. 

It is of interest to note how often the mother could see improvement that was not 
discernible to others, and which did not manifest itself in the tests. 
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FRACTURE-DISLOCATION OF THE HIP JOINT 


THE NATURE OF THE TRAUMATIC LESION, TREATMENT, LATE COMPLICATIONS, 
AND END RESULTS 


BY MARSHALL R. URIST, M.D.*, CHICAGO, ILLINOIS 


Jeep accidents in the European Theater of Operations produced a large number of 
uncommon injuries of the hip joint. This paper presents twenty-seven cases of dislocation 
of the hip, associated with major fractures of the acetabulum or head of the femur, in- 
curred under both combat and non-combat circumstances. The experience gained in the 
management of these cases provided an opportunity to determine the indications and the 
best techniques for primary surgical treatment. Review of the case records, operative 
notes, serial roentgenograms, and follow-up examinations, two years after the injuries, 
disclosed new information about the pathogenesis of avascular necrosis of the head of 
the femur. 

The cases are classified according to the standard textbook classification of these 
injuries. The twenty-seven included fifteen cases of posterior dislocation with fracture 
of the posterior rim of the acetabulum (Table I); eight cases of fracture-dislocation, 
irreducible by closed manipulation (Table II); and four cases of posterior dislocation, 
associated with fracture of the head of the femur (Table III). Some cases of each group 
were treated conservatively and some by open operation, the decision depending upon 
(1) the author's clinical judgment in individual cases, (2) the physical and tactical cir- 
cumstances in which treatment had to be administered, and (3) the results obtained from 
conservative treatment, which was attempted first in almost every case. 

This report is the last of a series of three papers. A group of simple dislocations, re- 
ported in the first paper, were treated and followed at the same time as the cases reported 
in the present communication, and will serve as a control for evaluating the part of the 
injury concerning the joint capsule *. Fractures of the acetabulum, similar to those 
occurring in the cases presented here but without dislocation, were also treated concur- 
rently and are being reported elsewhere in detail; these will serve as a control group for 
evaluation of the part of the injury affecting the bony structures®. The more difficult 
problem of the fracture-dislocation—the complex injury in which both the capsule and 
bony structure of the hip are involved—will be clearly outlined by a comparative analysis 
of the three groups of cases. This analysis is also useful in evaluating methods of treatment 
and the causes of late complications. 


TRAUMATIC LESIONS 
The nature of the injury to the joint was surveyed in fifteen cases of all types of 
fracture-dislocations, treated by open operation. The major damage was sustained by the 
following structures: acetabulum, periarticular ligaments, tendons, and muscles, the 
ligamentum teres, and the retinacula of the joint. Injury to the rim of the acetabulum, 
inflicted by a sudden impact of the dashboard of the automobile against the flexed knee, 
constitutes the first stage of a fracture-dislocation. The second stage is the excursion of 
the head of the femur, which tears the soft parts of the joint and lacerates the periarticular 
structures. 


Acetabulum 
The damage to the posterior rim varied in magnitude, and included insignificant 


* Formerly Major in the Medical Corps, Army of the United States. Now at University of Chicago, 
School of Medicine. 
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bruises or chip fractures, small fragments of the edge of the cotyloid labrum, larger 
crescent-shaped segments of the articular cartilage, and great segments of the entire 
posterior and superior portions of the acetabulum. Less than half the head of the femur 
lies outside the bony acetabulum in the normal hip and, after many of the supporting 
structures in the capsule had been ruptured, the integrity of the posterior and superior 
portions of the rim appeared to be of increased importance to the stability of the hip. 
Soft-part attachments and the size of the bone fragments of the posterior rim de- 
termined the healing and the practicability of surgical repair to the joint. Small fragments 
of the edge of the rim showed little or no articular cartilage, were coated with cotyloid 
ligament on two sides, and frequently lay free in the hematoma in and around the joint. 
Only large fragments, four to seven centimeters in length, had broad attachment to the 
‘vapsule, bled when curetted, and were assumed to have a sufficient blood supply to survive 
when replaced. The fracture was usually oblique and the articular side of the rim fragment 
was, fortunately, less than half as wide as the outer side (Fig. 6-C). The larger the frag- 
ment appeared in the roentgenogram, however, the more articular cartilage one could 
expect to find upon it at 
“a, operation. 








P Periarticular Structures 
K The major damage to 
the soft parts of the joint 
was usually sustained by the 
parietal or external portion 
of the capsule, rather than 
the visceral or reflected part, 
~8TURATOR which carries the major por- 
SS cesenLs tion of the blood supply to 
the head of the femur. When 
a large segment of bone was 


4 


_-PYRIFORMIS 
== . "il > 

Zz FF >) 2 
Me Ae 





~~ op TURATOR 2 ; 
EXTERNUS detached from the rim, the 


capsule was essentially in- 
tact, except for a single tear 










Pal in the posterior portion; and 

- . . 
os the head was dislocated in- 
to the fracture site. The 


short external rotator mus- 


: ; eae bul cles, however, sustained con- 
gue ios cnet ane dr tne of he pte ig «a siderable damage. The belly 
approach. and tendon of the piriformis 

were stretched over the head 
of the femur. The tendon of the obturator internus was stretched over the neck. The 
gemelli were torn and shredded. All of these structures were infiltrated with blood and 
matted together with fibrinous exudate and granulation tissue; and dissection was difficult 
if operation was done longer than two weeks after injury. Comminuted fractures of the 
rim, in addition to all these changes, were accompanied by extensive, contused, lacerated 


Fig. 1-A 


wounds of all the posterior soft parts. 


Femur . 

The head of the femur could be examined thoroughly by rotating it through its range 
of motion in all directions at the fracture site. Almost every case showed some damage to 
the articular surface of the head, but these lesions were small and not visible roent- 
genographically. Even fractures of some magnitude could not be demonstrated in antero- 
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Incision splitting gluteus maximus 


Tran - 
section of 
tendons 








YH \GHEA Quadratus 
i WY ze “ : 





i ZB . 
wn 4 = 7 femoris~ 
\ i HY 
ee eo 
Fig. 1-B 


Fig. 1-B: Sketch showing the 
superficial anatomical relation- 
ships on the posterior aspect of 
the hip joint. The reflection of 
a segment of the trochanteric 
insertion of the glutaeus maxi- 
mus provides the relaxation 
necessary to develop a large 
window in the glutaeus maxi- 
mus. (Redrawn from Fig. 117,A 
in Campbell’s ‘‘Operative \¢ 
Orthopedics’”’. Reproduced by 47, 
permission of C. V. Mosby 
Company. ) 

Fig. 1-C: Sketch showing the LAT 
small deep muscles and the re- a Ae ye thi. PE M—Obturator int: 
lationships of the sciatic nerve. Pyriformis aM, I; | 
The piriformis, when reflected — Obturator ext. 
medially, envelops the sciatic 
nerve, and all further dissection 
is deep and lateral to the short Obturaetor in 
external rotator muscles of the 
hip. (Redrawn and modified 3 
from Fig 117,B in Campbell’s Obturator ext: 
“Operative paneer meng gg 
yroduced by permission of C. V. . 
Geshe Semen) Quadratus femoris 
(in phantom) 






Fig 1-D: Sketch showing the 
skeletal relationships, the frac- 
ture site, the short external Fie. 1-D 
rotator muscles reflected medi- 
ally, and the rent which is frequently found in the inferoposterior portion of the joint capsule. 


posterior views alone, or in films made by routine or imperfect techniques. In five cases 
with rim fractures, lunate-shaped indentations were seen in the anterior aspect of the 
head of the femur, representing sites which had been cleft by the edge of the rim. In one 
case a circular flat depression (subchondral compression fracture), two centimeters in 
diameter, was noted on the anterior aspect of the head, as if the head had been tapped 
with a mallet. The surface of the bruised cartilage was dotted with pinhead-sized spots 
uniformly distributed, which represented the tufts of granulation tissue which form early 
in the process of repair. 


Ligamentum Teres 


In three cases in which the posterior portion of the acetabulum had been removed, 
the ligamentum teres was partly exposed for inspection and was found to be stretched and 
frayed. Complete visualization was possible in only two cases in which the hip had been 
disarticulated, and in both instances the ligamentum teres had been severed before the 
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operation. It is possible, in one case, that it was stretched and not torn apart; and that, in 
many cases, the excursion of the head was not so great as appeared in the roentgenograms. 


Fig. 2-A 


Case 1. Roentgenogram of a fracture of the posterior rim, central portion, and the inner table of 
the acetabulum, with posterior dislocation of the hip joint. 


Fig. 2-B 


After manipulation and reduction of the dislocation on the day of the injury. The posterior rim 
fragment remains widely displaced and unaltered by treatment in traction. 
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Fig. 2-C 


Postoperative roentgenogram, two weeks after the injury, showing reduction of the fracture of the 
posterosuperior rim of the acetabulum and internal fixation with a single screw. 


Retinacula of the Hip Joint 

Blood clot and organizing hemorrhage were seen in the retinacula in two cases. The 
significance of this observation was not realized at the time of the operation, and was 
surmised only one vear later, when the records were reviewed for study and the roent- 
genograms of these patients showed avascular necrosis of the head of the femur. The 
importance of this finding and the relatively small amount of attention that retinacula 
have received in the clinical literature warrant a short description of the anatomy of these 
structures. They were first described by Josias Weitbrecht in 1742. The retinacula are 
three flattened bands of loose fibrous connective tissue, containing many blood vessels and 
covered with synovial membrane. They lie within and partly outside the reflected capsule 
on the inferior, postero-inferior, and posterosuperior aspects of the joint. They literally 
serve as aqueducts, carrying the blood supply to the head of the femur from numerous 
branches of the medial femoral circumflex vessels in the intertrochanteric region. The 
retinacula merge with the superior and inferior pads of fat at the margin of the articular 
cartilage, and there their blood vessels give off terminal arterial branches and receive the 
venous drainage of the capital epiphysis *. As will be shown further in a discussion of the 
late complications in this series of cases, the role of the retinacula in avascular necrosis 
demands further investigation in relation to both trauma and disease of the head of the 
femur. 
FRACTURES OF THE POSTERIOR RIM OF THE ACETABULUM WITH DISLOCATION OF THE HIP 

In the fifteen cases of fracture of the rim of the acetabulum with dislocation (Table 1), 
the dislocation was reduced by closed manipulation just as readily and by the same 
methods as were the dislocations without fractures, reported in the first paper in this 
series. In about 25 per cent. of the cases, the diagnosis of fracture was not recorded; and 


in several other cases, extensive fractures were not appreciated by the surgeons who 
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administered emergency treatment and manipulated the dislocation. The oversight is 
~asy to understand. Unless one knows intimately the roentgenographic appearance of the 
hip joint, the fracture may seem to be obscured by the head of the femur in films taken 
before reduction. In cases in which the fracture was finally noted in the postreduction 
films, a false idea of the apposition of the fracture lines was sometimes conveyed by 
examination of only the anteroposterior view of the hip. A true picture of the displacement 
of the rim fragments is best obtained in a postero-oblique view, with the injured side 
elevated 60 degrees, the patient lying supine on the cassette and thus placing the posterior 
portion of the acetabulum in profile. 





Fic. 3 Fic. 4 

Fig. 3: Case 2. Roentgenogram of a posterior dislocation of the hip joint with fractures of the rim and 
central portions of the acetabulum. The postero-oblique view demonstrates the displacement of the rim 
fragment better than other views. 

Fig. 4: Case 6. Postero-oblique view of a fracture-dislocation, two weeks after closed reduction of the 
dislocation and three days after open reduction of the rim fracture, shows the accuracy of the repair. 
The articular cortex should be reconstructed as perfectly as possible, and the screw should penetrate 
both cortices to obtain good fixation and a good result. 





Fig. 5-A Fig. 5-B 


Fig. 5-A: Case 3. A posterior dislocation of the hip with displacement of the fragments, shown in the 
postero-oblique view. A large rim fragment with its capsular attachment lies above the head of the femur. 

Fig. 5-B: Two years after open reduction and internal fixation. Arrow indicates ossification of the 
attachments of small muscles and joint capsule. 
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Conservative Treatment 

Conservative management by traction was applied in five of the fifteen cases. In 
three cases, this form of treatment was dictated by circumstances, the patients having 
head or abdominal injuries which took precedence over the hip injury. In the other two 
cases the rim fragments, although larger than chip fractures or avulsion fractures, yet 
were so small that any defect in the rim would not be large enough to affect the stability 
or range of motion of the joint. 

Surgical Treatment 

Ten patients with fracture of the posterior rim were treated, first by closed reduction 
of the dislocation, and then by arthrotomy. In seven cases the rim fragment was large, 
viable, and attached to the parietal portion of the capsule; and the fracture was reduced 
and immobilized by internal fixation with a screw (Figs. 1-A to 5-B, inclusive). In three 
cases (Cases 13, 14, and 15), either the lesions proved irreparable, the main fragments 
were detached from the blood supply, or the articular cartilage was so severely damaged 
that it was advisable to remove the posterior rim (Figs. 6-A through 6-G and 7-A through 
7-E). The decision between replacement and fixation of the fracture or the removal of 
the fragments was naturally made at the time of the operation, and depended upon the 
presumed vitality of the bone fragments; but the operation itself was always indicated 
when there were loose fragments around the joint which might lead to migration of intra- 
articular bone, ossification of periarticular structures, irritation of the sciatic nerve, or 
the probability of a painful joint in later years. 


Technique 

The patient was placed in the prone position (with small pillows along the antero- 
lateral aspect of the chest) on an operating table»éequipped with a drop leaf under the hip, 
to permit the surgeon to make flexion manipulations. A posterior approach, similar to 
that described by von Langenbeck, Kocher, or Osborne, was used in all cases (Figs. 1-A 
to 1-D, inclusive). The incision was begun along a lipe drawn between the posterosuperior 
spine of the ilium and the inferior portion of the greater trochanter; at the latter point 
it was turned distally two inches (five centimeters) along the posterolateral aspect of the 
thigh. The whole length of the glutaeus maximus was split along its fibers, above the line 
of the neck of the femur. Through this opening the deep fascia, covering the short external 
rotator muscles of the hip, was widely exposed with the aid of the Balfour self-retaining 
retractor; thus a window, three inches square, was made in the glutaeus maximus. The 
exposure could be enlarged if a part of the insertion of the glutaeus was also transected. 
At this point the traumatic lesion in the short external rotator muscles, the capsule, and 
the joint was usually visible and found to be filled with blood clot, sometimes amounting 
to seventy-five cubic centimeters in volume. After the hematoma had been removed, the 
fracture line always came into view, and it was possible to see the glistening white head 
of the femur. Both sides of the fracture line were fully exposed by section of the tendinous 
insertions of the piriformis, obturator internus, gemellus superior, obturator externus, 
and gemellus inferior. Stubs of each tendinous insertion were left on the trochanter for 
later repair, and heavy black silk sutures were placed in each end of each transected tendon 
to facilitate retraction and reflection of the short external rotators. The sciatic nerve 
passed across the medial side of the operative field, in the plane between the piriformis 
and the gemelli. Reflection of the muscles medially, as shown in Figure 1-D, afforded 
protective covering for the nerve. 

Further dissection was confined to the region anterior or deep to the external rotator 
muscles, and was done subperiosteally on the pelvic side of the fracture line. The peri- 
osteum or joint capsule was not lifted from the rim fragments, in order to avoid injury 
to the blood supply. After loose chips of bone and flakes of articular cartilage had been 
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removed, the main fragment could be fitted accurately into place by apposing the dorsal 
edges as closely as possible. The position of adduction, 10 degrees of flexion, and slight 





Fig. 6-A 


Case 15. Roentgenogram of a posterior dislocation of the hip joint, with fracture of the rim of the 
acetabulum. 





Fic. 6-B Fic. 6-C 


Fig. 6-B: Following manipulation and reduction of the dislocation, the rim fragment remained dis- 
placed inferiorly. This position, rather than one superior and lateral to the head, which is the usual path 
of displacement of the posterior rim, indicates that the capsular attachments of the bone fragment have 
been lost or subjected to extensive injury. 

Fig. 6-C: Specimen of the posterior rim of the acetabulum, removed at operation (measured in centi- 
meters). The fragment was avascular, attached to a torn and twisted pedicle of joint capsule, and found 
to be completely devoid of blood supply. A segment which is nearly the complete width of the acetabular 
cartilage has been lost in this case. There was also a hemorrhagic lesion of the retinaculum, followed by 
the changes shown in Figs. 6-D to 6-G. 


THE JOURNAL OF BONE AND JOINT SURGERY 








rsal 
ight 





1e 


7 


l- 
id 
ur 
Vv 


ERY 





FRACTURE-DISLOCATION OF THE HIP JOINT 709 


Fig. 6-D Fic. 6-E 
Fig. 6-D: Anteroposterior view, two years after the original injury, showing necrosis of the superior 
segment of the head of the femur. 





Fig. 6-E: Lateral roentgenogram, two years after the original injury. Note the cleavage line between 
the necrotic and the viable portions of the head. The dead bone is being separated and replaced by new 
bone. 








Fig. 6-F Fic. 6-G 
Fig. 6-F: Anteroposterior roentgenogram, approximately two and one-half years after the injury, 
shows further absorption, separation, and replacement of the dead portion of the head. 





Fig. 6-G: Lateral view, three years after the injury, showing sheering of the dead portion of the head 
away from the living bone posteriorly at the line of absorption and regeneration. 


external rotation relaxed the posterior capsule and removed the pressure of the head of 
the femur, so that circumstances were favorable for holding a perfect reduction. The 
position of the screw was carefully estimated to prevent placing it too near the articular 
cartilage. It was placed nearly horizontal, at right angles to the plane of the fracture, and 
directed somewhat superiorly. A depth finder was used, to make certain that the screw 
had penetrated the cortex of the inner table of the pelvis. Bicortical fixation was neces- 
sary to withstand the test of cautious rotation and piston mobility, carried out at the 
conclusion of the repair. Reduction of the fragments simultaneously closed the defect in 
the posterior capsule. The operation was concluded by the excision of small amounts of 
shredded muscle tissue, repair of tendons of the small deep muscles, and closure of the 
wound in lavers with black silk sutures. 

Immediate postoperative care was instituted with the patient prone in bed and the 
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hip flexed 20 degrees over a pillow. Gluteal exercises were begun as soon as the sutures 
had been removed. At the end of five to ten days the patient was placed in the recumbent 
position, and the hip was suspended in ten pounds of skin traction in a Thomas splint 
with Pearson attachment. 


Trends in Treatment 

Although surgical treatment of fractures of the rim of the acetabulum began as soon 
as anaesthesia and roentgenography were ee 
developed, less than a hundred cases are re- 7 8 9 0 
ported in the literature. These operations 
were attempted at first on the so-called 
inveterate cases by means of posterior, 
anterior, straight lateral, or U-shaped in- 
cisions, and were intended mainly to reduce 
the displacement of the head of the femur. 
No attempt was made to replace the frag- 
ment of the rim of the acetabulum, and the 
fracture was not always correlated with the 
failure to reduce the dislocation by closed 
manipulations. There is disagreement in the 
modern textbooks and literature about the 
best approach for operations on old fracture- 
dislocations of the hip. This should not con- 
fuse the clearly defined problem of open 








reduction or removal of extra-articular bone ot ae 
Fig. 7-C 





Fie. 7-D Fia. 7-E 

Fig. 7-C: Specimen of the posterior rim of the acetabulum, removed at open operation. The extensive 
damage to the acetabular cartilage and the impacted fracture of the bone tissue contra-indicated re- 
placement of this fragment. There were no retinacular hemorrhages in this case and avascular necrosis 
did not follow (see Figs. 7-D and 7-E). 

Fig. 7-D: Roentgenogram of the hip joint, two .;ears and ten months after excision of the posterior 
rim. In the anteroposterior view, the superior surface of the head shows irregularities and slight sclerosis, 
presumably due to irregular wear and tear on the articular surfaces. 

Fig. 7-E: Lateral view of head of the femur. The area of degenerative changes in the head of the femur 
corresponds to the area of the fracture defect of the articular surface of the acetabulum. There is, as yet, 
very little, if any, narrowing of the joint space. 


fragments, following a fresh fracture of the posterior rim of the acetabulum. A number 
of recent case reports testify that the posterior approach is particularly suited to pos- 
terior dislocations associated with fracture of the rim. The successful use of this method, 


VOL. 30-A, NO. 3, JULY 1948 








712 M. R. URIST 


particularly the Osborne modification of the von Langenbeck and Kocher approaches, 
in eleven cases of both reducible and irreducible dislocations treated by the writer, may 
be added to the literature as further evidence of its value. 


FRACTURES OF THE ACETABULUM WITH POSTERIOR DISLOCATIONS 
IRREDUCIBLE BY CLOSED MANIPULATION 


The cause of failure to reduce posterior dislocation of the hip in eight cases in this 
series was the interference of displaced bone fragments of a fracture of the acetabulum. 
These cases will be considered in two groups: (1) comminuted fractures of the posterior 
and superior portions of the rim with intra-articular displacement of fragments (three 
cases); and (2) extensive 
fractures of the entire ace- 
tabulum with disorganiza- 
tion of the joint cavity (five 
cases). 

The patients (Table 
II) arrived in General Hos- 
pitals in the Communica- 
tions Zone after at least 
two unsuccessful attempts 
at closed reduction had 
been made in each case in 
Field and Evacuation Hos- 
pitals. Improved roentgen- 
ograms, including stereo- 
scopic examinations, re- 
vealed either that the head 


Fig. 8-A was obstructed by bone 





Case 18. Roentgenogram of a posterior dislocation with a commi- fragments of the rim, or 
nuted fracture of the posterior rim of the acetal : - . ae 
d fracture of the posterior rim of the acetabulum that the joint cavity was so 





Fig. 8-B Fic. 8-C 
Fig. 8-B: Roentgenogram after closed reduction of the dislocation, which was accomplished imme- 
diately after the injury. A fragment of bone was carried into the acetabular fossa during the manipula- 
tion. This antero-oblique view of the joint gave the best demonstration of the fragment and its relation 
to the head of the femur. 
Fig. 8-C: Antero-oblique roentgenogram after removal of the bone fragment, three weeks after injury. 
The toss of articular surface appears to be small, but actually it is considerable, as shown in Fig. 8-D. 
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Fig. 8-D 


Fig. 8-D: Photograph showing bone frag- 
ments removed from the joint by anterior 
iliofemoral arthrotomy, three weeks after in- 
jury. The large fragment on the right was 
removed from the acetabular fossa. The three 
smaller fragments on the left were imbedded 
in the posterior soft parts, poorly attached by 
shreds of capsule or cotyloid ligament. 


Fig. 8-E: Roentgenogram, twenty months 
after arthrotomy, showing avascular necrosis 
of the head of the femur. The collapse of the 
bone structure was not prevented by having 
the patient use crutches for nearly two years. 


deformed and distorted that it could not 
receive the head of the femur. It was, 
therefore, anatomically impossible to ef- 
fect reduction in any of these cases by 
closed manipulation. Conservative treat- 





ment in traction was of limited value in 
both groups of cases, but it was essential 


Fig. 8-E 


for the patient s comfort, and it was neces- 
sary temporarily to retain anatomical approximation of the head of the femur and the 
fractured pelvis. 
Comminuted Fractures of the Posterior Rim of the Acetabulum 

After the closed manipulations in three cases (Cases 16, 17, and 18), bone fragments 
lodged between the head of the femur and the joint cavity and obstructed the reduction. 
In one of these three patients (Case 18), an attempt was made to disengage these intra- 
articular rim fragments by pulling the head of the femur down over them and thrusting 
it inward with grinding and scooping movements, but these manoeuvres were futile and 
harmed the joint surfaces. Immediate open operation was required in each of the three 


cases. 
Removal of Intra-Articular Bone Fragments 


The anterior iliofemoral approach was considered advisable for arthrotomy and re- 
moval of intra-articular bone fragments in three cases. The anterior portion of the capsule 
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Fig. 9-A 


Case 21. Roentgenogram (retouched) of an extensive fracture of the acetabulum, with dislocation 
and disorganization of the hip joint and separation of the symphysis pubis. 


Fic. 9-B 


Roentgenogram with patient in vertical skeletal traction after closed manipulation, showing reduc- 
tion of the dislocations. 
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was found to be intact, but the superior and posterior portions were stretched, frayed, 
and torn. All of the bone fragments which were one square centimeter or larger in size 
were attached to pedicles of torn capsule or strips of the short external rotator muscles. 
In order to replace the head of the femur in the joint, it was necessary to apply traction 
and at the same time to pry loose the interposed capsule, muscle, and torn tendon with the 
aid of a smooth, flat instrument. In Case 18 the hip had to be disarticulated with the aid 
of an incision in the intact anterior portion of the capsule, in order to remove a large 
fragment of bone lodged in the acetabular fossa. In all of these cases, however, the ob- 
struction to replacement of the head was the interposition of the soft-part attachments of 
the bone fragments, and not the pieces of bone themselves, as would appear from the 
roentgenograms alone (Figs. 8-A to 8-E, inclusive). 


Disorganization of the Hip Joint and Sciatic-Nerve Palsy 


In five cases (Cases 19, 20, 21, 22, and 23) extensive fractures of the entire acetabulum 
and surrounding pelvis had occurred, in addition to dislocation of the hip. Manipulations 
were undertaken to restore the length of the extremity and to place the head of the femur 
in a more suitable anatomical 
relationship to the pelvis. Be- 
cause of the high risk of in- 
jury to the sciatic nerve, such 
manipulations were justified 
only if done very skillfully. 
They were nevertheless car- 
ried out in Cases 21 and 22, 
in which separations of the 
symphysis pubis and rupture 
of the sacro-iliac joint were 
associated with the hip lesion. 
In one of these cases (Figs. 
9-A, 9-B, and 9-C), the sepa- 
rated symphysis pubis be- 
came reduced when the head 
of the femur was replaced 
in the joint. The popular 
method of placing the patient oy 
on his side was used first in yas the only position which would prevent the head from redisiocat- 
both instances, and wasfound _ ing and causing severe pain, radiating down the leg, from pressure on 
to be ineffective. Somes Meanahelind 12 site fontdiios, onl on tery t0 tan pemieien 

All except one of the five portion of the urethra, which was treated. The virtue of this method 
patients with disorganized | &,suyvenion was the comfort and faci, with which the patent 
hip joints were treated con- _ self off the bed. ; 
servatively in traction and 
suspension for several weeks, until the patient’s general condition would tolerate a major 
reconstructive procedure or transportation to a hospital for prolonged convalescent care. 
In the one exception (Case 23), peroneal palsy developed while the patient was under the 
author’s observation, and exploration of the sciatic nerve and the displaced fragments of 
the acetabulum was indicated immediately. The operation proved to be worth while, and 
the case is described here (Figs. 10-A, 10-B, and 10-C). 





Fia. 9-C 


Open Reduction and Exploration of the Sciatic Nerve 


For this operation, the hip was exposed by the posterior approach already described. 
The sciatic nerve was discolored by ecchymosis for an area of about an inch; it was intact, 
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Fig. 10-A 


Case 23. Roentgenogram shows an irreducible fracture-dislocation of the hip joint. The body of the 
ischium was impacted into the body of the ilium, and there was an associated fracture of the superior 
ramus of the ischium, all of which obliterated the joint ‘cavity. 


Fig. 10-B Fig. 10-C 


Fig. 10-B: Roentgenogram, three weeks after open reduction of the dislocation and fractures. One 
screw held the posterior portion of the acetabulum accurately in position. 
Fig. 10-C: Lateral roentgenogram, demonstrating the repair. 
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Fig. 11-A Fie. 11-B 


Fig. 11-A: Case 24. Roentgenogram showing posterior dislocation of the hip with fracture of the head 
of the femur. The segment of the inferior portion of the head includes the fovea and remains in the ace- 
tabulum, attached to the ligamentum teres. 

Fig. 11-B: Roentgenogram two and one-half years after the original injury. The proximal fragment, 
which is demonstrable only with the head in extreme internal rotation, has reattached itself to the head 
and does not interfere with normal function of the joint. 


however, and was stretched over the large fragment of bone which represented the entire 
posterior portion of the acetabulum. Traction on the femur probably compressed the 
nerve in the soft parts between the head of the femur and the rim fragment, and appar- 
ently the peroneal palsy was produced in this way. In order to expose the joint cavity, 
the nerve was retracted medially; the head of the femur was adducted and internally ro- 
tated beyond the normal range; and the rim fragment was retracted laterally with a bone 
hook. The acetabulum was found to be obliterated by a displaced impacted fragment of 





Fig. 12-A Fig. 12-B 
Fig. 12-A: Case 26. Roentgenogram showing a fracture of the head of the femur with posterior dislo- 
cation of the hip joint, two weeks after closed manipulation. Rotation of the hip was painful, and the 
total range of motion was less than 75 per cent. of normal. 
_ Fig. 12-B: Retouched photograph of the hip joint, exposed and disarticulated through the anterior 
iliofemoral approach. The head of the femur showed this impacted stellate fracture, with segmentation 
of the articular cartilage. 
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the body of the ischium, and this could be seen in the roentgenogram to be associated with 
a second fracture, involving the superior ramus of the ischium. In order to disimpact and 





Fig. 12-C 


Roentgenogram of the hip joint, after the antero-inferior portion 
of the mushroom-shaped head had been sculptured down to normal 
size by open operation, two weeks after the original injury. 








reduce these fragments, it 
was necessary to mobilize 
and reflect the origin of the 
quadratus femoris. The 
body of the ischium could 
then be pulled down; thus 
the joint cavity was imme- 
diately re-established and 
the head could easily be re- 
placed in the joint. The rim 
fragment was fixed in posi- 
tion with a single screw. 
Function of the hip was 
regained. 


Trends in Treatment 


Before roentgenograms 
were available, the diagno- 
sis of unreduced or irre- 
ducible dislocation of the 
hip was usually established 
by innumerable unsuccess- 
ful manipulations. In most 
of the early recorded cases, 
as well as in many recent 
cases, not enough data are 





Fig. 12-D 





Roentgenogram of both hips, two years and eight months after operation. The head of the right femur 
shows normal density, slight irregularity of the articular cortex, and partial obliteration of the old epi- 
physeal line. Avascular necrosis of the entire head of the femur probably had not occurred in this case. 
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supplied to determine the exact reasons for failure of conservative treatment, except that 
it was usually administered by doctors who had had very littie experience with these 
unusual injuries. Early operative treatment has become common only in recent years. 
The end results are variable, and sometimes fusion of the joint or arthroplasty is necessary 
within a few years after the operation. 


FRACTURES OF THE HEAD OF THE FEMUR WITH DISLOCATIONS OF THE HIP 


Gross fractures of the head of the femur were found in four cases. In Case 24 (Figs. 
11-A and 11-B) the antero-inferior portion of the head of the femur, including the fove: 
‘apitis femoris and its attachments to the ligamentum teres, remained in the acetabulum, 
and the hip was dislocated posteriorly. There was very little displacement in two cases of 
impacted fracture (Cases 25 and 27), but another patient (Case 26) showed an extensive 
mushroom-shaped deformity of the head. This patient was the only one in the group who 
showed appreciable limitation of motion of the joint under anaesthesia, after the disloca- 
tion had been reduced. Open reduction, therefore, appeared to be indicated in this case 
in order to reduce the size and diameter of the deformed head and to establish free motion 
as soon as possible (Figs. 12-A, 12-B, 12-C, and 12-D). 


Arthroplasty 


The entire joint in Case 26 was exposed by the anterior iliofemoral approach, and 
disarticulation was carried out as in the Smith-Petersen arthroplasty. The head of the 
femur showed an impacted stellate fracture. The articular cartilage was split into six 
segments, separated by intermediate areas of raw cancellous bone. The antero-inferior 
portion of the head protruded from the acetabulum and was crushed against the rim. The 
ligamentum teres was torn apart and pressed into the substance of the crushed bone in 
the fovea. The fractured impacted bone, protruding from the head of the femur, was re- 
moved with a sharp osteotome, and the head was thus reduced as nearly as possible to the 
normal size and shape. The bone bled profusely, suggesting that the greater part, or cap- 
sular source, of the circulation was intact. After hemostasis had been obtained by warm 
saline compresses, the head was replaced and was found to revolve freely in the acetab- 
ulum. 


Trends in Treatment 


Gross fractures of the head of the femur, when differentiated from minor bruises, 
fissures, and subchondral fractures, are rare in dislocations of the hip. Such fractures have 
been considered very serious injuries by writers who have reviewed the case reports in the 
literature, but the treatment and results varied according to the exact type of the lesion. 
In a clean fracture of the inferior portion of the head, when the proximal fragment included 
the fovea capitis femoris and the blood supply of the ligamentum teres, the fragments 
sometimes were reduced when the dislocation was reduced; the fracture even healed and 
good function of the hip resulted. Massive compression fractures, or any type involving 
the superior portion of the head, healed poorly and resulted in considerable disability. 
Because the type of injury rather than the treatment determined the results, conserva- 
tive methods have been adopted in nearly all of the cases reported in the literature in 
recent years. Arthrotomy with removal of displaced bone fragments was successful when 
the fracture was limited to the antero-inferior portion of the head, but the operation was 
naturally ill-fated when the weight-bearing surface of the head was involved. Avascular 
necrosis with collapse of the femoral head was not a frequent complication in these cases, 
and was hardly mentioned in the literature. This almost eliminates the possibility that 
concussion or subchondral compression fractures are etiological factors in avascular 
necrosis of the femoral head. 
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COMPLICATIONS 


Most of the recent literature on traumatic dislocation of the hip has been devoted to 
the problems of prevention and treatment of complications. These are usually classified 
as early or late complications. The following early complications were encountered in this 
series of cases: retroperitoneal hemorrhage, urinary-tract injuries, thrombosis of the 
hemorrhoidal veins, thrombophlebitis, sciatic neuritis, and sciatic-nerve palsy. Late 
complications, encountered within a period of six months to two years after the injury, 
included ossification of the joint capsule, synovitis, avascular necrosis of the femoral head, 


and traumatic arthritis. 


Retroperitoneal Hemorrhage 

In all cases of comminuted fracture of the acetabulum, blood is probably extrava- 
sated into the retroperitoneal space, and may diffuse upward behind the abdominal cavity 
to the undersurface of the diaphragm. This was observed in one case (Case 20) at autopsy, 
several days after the injury, when the patient died of a concurrent head injury. Similar 
cases have been described in the earlier literature. Distention, vomiting, and fever, which 
ensue in the first few days after extensive fractures of the acetabulum, should be treated 
with this condition in mind. In all cases, a period of traction for five to ten days is ad- 
visable, in order to observe the patient for possible head, chest, and abdominal injuries, 
before operative treatment of the hip joint is undertaken. 


Urinary-Tract Injuries 

Fracture-dislocations of the hip joint, in nine cases in this series, were associated with 
multiple fractures of the pelvis, such as displaced fragments of the superior and inferior 
pubic rami, separation of the symphysis pubis, and dislocations of the sacro-iliac joint. 
Irritation, obstruction, or laceration of the urethra occurred in several cases, and one 
patient required suprapubic cystotomy. In all cases, the treatment of the urinary-tract 
injury took precedence over any operative treatment of the skeletal injury. 


Thrombosis of the Hemorrhoidal Veins 

In one patient (Case 21) with an extensive fracture of the left acetabulum, compli- 
‘ated by dislocation of the sacro-iliac joint on the same side, massive oedema of the rec- 
tum and anal orifice developed within a few days after the injury. This was more severe 
than in any case of hemorrhoids, and the patient had had no previous difficulty of that 
sort. The oedema and swelling diminished after treatment with hot compresses and dis- 
appeared within three weeks, and no other attacks occurred in the ensuing two years. 
This complication of fracture-dislocation of the pelvis seems not to have been described 


previously. 


Thrombophlebitis 

The single patient (Case 23) in this series with severe thrombophlebitis was treated 
successfully with dicoumarin. This complication has been reported in fracture-dislocation 
of the hip, but it is probably no more apt to occur in association with such injuries than 
with other fractures of the lower extremity. 


Sciatic Neuritis 

Four patients complained of severe pain over the lateral aspect of the lower extrem- 
ity. There was no motor weakness nor were there consistent changes in sensation in this 
area, but:the pain persisted for several months. These cases were assumed to be instances 
of minor damage to the sciatic nerve, due to displaced rim fragments or to the dislocation 
of the head itself. Repeated neurological examinations are necessary to determine whether 
or not exploration of the sciatic nerve is advisable in such cases. 
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FRACTURE-DISLOCATION OF THE HIP JOINT 


Sciatic-Nerve Palsy 

Permanent damage to the sciatic nerve occurred in four cases in this series with dis- 
locations irreducible by closed manipulation (Table I1), but in no simple dislocations ‘ 
or cases Without comminution of the posterior rim. One patient had good motor function 
and sensation in his foot immediately after the accident, pain and foot-drop becoming 
apparent only after he had been transported in an ambulance for several hours. In another 
patient, foot-drop developed after several hours of pain, radiating down the extremity, 
and one manipulation of the dislocated hip. Peroneal palsy developed in two cases only 
after the hip was subjected to a second manipulation. Only one of the four patients had 
some return of function of the peroneal nerve. Three showed extreme atrophy of the ex- 
tremity, and still had complete paralysis of the extensors and evertors of the foot at the 
end of two years. In all four cases, as in patients with other forms of trauma to the sciatic 
nerve at the level of the hip joint, the peroneal portion, for some unknown reason, seems 
more vulnerable than the remainder of the nerve. It is more commonly affected than the 
posterior tibial portion, and paralysis becomes apparent earlier after the trauma. 

The nerve was explored during open operation for an irreducible fracture-dislocation 
in only one instance (Case 24); but, from observations of the close relationship between 
the nerve and the displaced rim fragments, it seemed*remarkable that any of the cases 
with comminuted fractures of the posterior portion of the acetabulum escaped sciatic- 
nerve palsy. Neglected comminuted fractures of the posterior rim heal with the formation 
of massive deposits of new bone in the soft parts, and there are numerous descriptions of 
surgical operations to free the nerve. Return of function, following injury to the sciatic 
nerve at the region of the hip joint, is usually slow and incomplete. A number of cases 
have been reported in which motor function improved over a period of eight years; the 
Achilles-tendon reflex had not reappeared after ten years; and in some cases the percep- 
tive epicritic functions remained destroyed for even longer periods. 

The grave risk involved in injury to the sciatic nerve indicates that all dislocations 
of the hip, associated with comminuted fractures of the acetabulum, should be reduced 
by primary open operation, manipulations being entirely avoided. Careful examination 
of emergency roentgenograms should provide enough information to determine whether 
or not the acetabulum is too distorted to receive the head of the femur, and whether open 
rather than closed manipulation is the procedure of choice. 


Ossification of the Joint Capsule 

In twelve cases of dislocation with rim fracture, two cases of dislocation with frac- 
ture of the femoral head, and two dislocations without fracture *, the roentgenograms 
showed new-bone formation in the posterior and superior portions of the capsule. Clini- 
cally, these patients showed only slight limitation of motion of the hip joint. Almost every 
one of the other cases in this series showed small deposits in either the femoral or acetabu- 
lar attachment of the capsule, but these had no detectable effect on the range of motion 
of the joint. 


Synovitis 


Minor aches and pains, discomfort in inclement weather, clicking or snapping sensa- 
tions in the joint, or severe pain when lifting heavy objects were complained of by some 
patients with ordinary dislocations ‘ or with displaced fractures of the acetabulum °, and 
by almost all patients convalescing from fracture-dislocations. Many of these patients 
had a normal range of motion. Some had slight muscle spasm, but the roentgenograms 
showed flawless joint surfaces and no bone atrophy. These symptoms and findings are 
tentatively classified as being indicative of traumatic synovitis. This diagnosis is sub- 
stantiated by the fact that several of the patients later reported that their complaints had 
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TABLE III 


FRACTURES OF HEAD oF FEMUR WITH PosTERIOR DISLOCATION OF Hip JOINT 
(MILITARY PERSONNEL) 








Interval before 





Other 
Injuries of Weight-Bearing 
Case Ipsilateral X-ray Definitive Was Resumed 
No. Age Extremity Findings Treatment (Months) Complications Results 
24 25 Posterior dislo- Avulsion frac- Reduction; 12 None Good. Minor 
cation of _ ture of infe- traction for pains occa- 
knee rior portion 8 weeks sionally 
of head. 
Fragment at- 
tached to lig- 
amentum 
teres 
25 25 Slightly dis- Reduction; 6 Severe trau- Fair; painful 
placed, ex- traction for matic arthri- hip 
tensive, im- 8 weeks tis 
pacted frac- 
ture of entire 
head 
26 3825 Slightly dis- Arthrotomy, 6 Severe trau- Fair; painful 
placed, ex- anterior ilio- matic arthri- hip 
tensive im- femoral ap- tis 
pacted frac- proach. Re- 
ture ofentire section of an- 
head. Infe-  tero-inferior 
rior portion portion of 
impinged on head 
anterior rim 
of acetabu- 
lum 
27 25 Fracture of pa- Slightly dis- Skeletal trac- 5 Moderate trau- Poor; severe 
tella placed, ex- tion for 8 matic arthri- pain 


tensive, im- weeks tis 
pacted frac- 
ture of entire 
head. Infe- 
rior portion 
impinged on 
anterior rim 
of acetabu- 


lum 


disappeared between one and two years after the injury. Whether others with similar com- 
plaints will continue to have symptoms and whether traumatic arthritis will develop five 
or ten years after the.injury, it is impossibie to say; but the literature contains no record 
of cases followed regularly for that length of time. 
Avascular Necrosis of the Head of the Femur 

Of twenty-seven fracture-dislocations in this series, and fifteen dislocations without | 
gross fractures in a group reported previously *, avascular necrosis of th> head of the 
femur developed in two cases. Case 15 showed increased density and necrosis of the supe- 
rior portion of the head, with a line of demarcation separating it from the living bone é 
tissue of the head and neck. Case 18 showed nearly complete disintegration of the bony i 
structure of the head. A review of the operative notes in these cases shows that in Case 15 
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Fig. 13 


Chart presenting a comparative analysis of the results, two or more years after the original injury. 
The complete case records and original roentgenograms were available in every instance. The follow-up 
data consisted of: (1) numerous personal letters, giving detailed descriptions of the symptoms and joint 
motion in twelve cases; (2) letters and roentgenograms from the patients or their family physicians in 
six cases; (3) detailed examinations by Army or private physicians, including measurements of the joint 
range and repeated roentgenograms in fourteen cases; (4) personal examination of patients by the au- 
thor in ten cases. The anatomical (4), functional (F’), and economic (/) rating was estimated from these 
data, and graded from 1 to 4, ace ording to the method used on the Fracture Service of the Massachusetts 
General Hospital. The proportion of patients available for follow-up was: with dislocation, 60 per cent. 
with fracture-dislocation, 66 per cent.; with irreducible fracture-dislocation, 87 per cent.; with frac ture 
of the head of the femur, 100 per cent.: and with fracture of the acetabulum, 87 per cent. 


a large blood clot was present in the retinaculum, at the margin of the articular cartilage 
of the head of the femur; and Case 18 demonstrated ecchymosis, new granulation tissue, 
and thickening of the entire posterior portion of the reflected capsule. These observations 
are evidence that avascular necrosis is associated with thrombosis of either the retinac- 
ulum or the intertrochanteric branches of the medial femoral circumflex vessels. Exten- 
sive damage from traction and tearing of the capsule in the posterior intertrochanteric 
region, in experimental dislocations, has been described by early writers; and, as shown in 
roentgenograms, by the author in a previous paper *. Two cases of isolated fracture of the 
femur in the same region, without dislocation of the hip, were also reported to have been 
followed by avascular necrosis. 

The microscopic picture of avascular necrosis has been described in detail in speci- 
mens from complicated cases of fracture of the neck of the femur, slipped epiphysis, dis- 
location of the hip, and other types of injury, but the pathogenesis of the lesion is still 
incompletely understood. The clinical literature which explains the process on the basis 
of injury of the inadequate blood supply and the results of experimental surgical studies in 
animals is vast and controversial. The wide scope of subject matter and the limited space 
in this paper do not permit a complete review. From a recent survey of 135 papers pub- 
lished in the world’s literature, the writer interprets the facts as follows: (1) The blood 
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supply to the superior portion of the head of the femur comes a long distance, through the 
reflected capsule, from numerous branches of the medial femoral circumflex vessels in 
the posterior and posterosuperior aspects of the intertrochanteric region. (2) The patho- 
logical and roentgenographic appearance of avascular necrosis in man differs from necrosis 
of the head observed in rabbits, dogs, and goats after surgical cutting of all the arteries 
and veins which enter the hip joint. Collapse of bone structure occurs relatively early in 
man, in association with revascularization and replacement of the dead bone; this suggests 
that the arterial circulation or the venous return was interrupted only temporarily. 
(3) Avascular necrosis of the hip has been described, not only after posterior dislocations, 
but also following one case of anterior dislocation and several cases of central fracture of 
the acetabulum with prolonged intrapelvic protrusion. (4) The incidence of avascular 
necrosis, following both fractures and dislocations of the hip joint, was estimated to be 
higher in children and adolescents than in adults; and the reason for this may lie in the 
larger and more vulnerable vascular network in the reflected capsule in children °. 

There are approximately fifty well-documented cases of avascular necrosis in a total 
of 270 posterior dislocations recorded in the literature. The lesion was usually observed 
between six and eighteen months after injury, and has never been reported as developing 
five or more years later, as supposed by several writers. Serial roentgenograms have not 
been studied in a large enough group of consecutive cases to determine the true incidence 
of avascular necrosis in adults. 

The present treatment of avascular necrosis of the head of the femur is unsatisfac- 
tory for the patient and unpleasant for the surgeon. The diagnosis in this series of cases, 
as in all the cases on record, was not established until six to twelve months after the in- 
jury. Treatment, which consisted in restriction of full weight-bearing, began, therefore, 
after the roentgenograms had shown some damage to the articular surface of the femoral 
head. The lack of premonitory symptoms, the difficulties in early roentgenographic diag- 
nosis, and the reluctance of young patients to use crutches under these circumstances, 
often lead the doctor to relax all restrictions. There is some doubt, however, that the de- 
formity of the head can be entirely prevented by abstinence from weight-bearing, or that 
“creeping replacement”’ can restore the joint structure in adults with avascular necrosis 
as effectively as in children with Legg-Calvé-Perthes disease or in an occasional adult 
case of impacted fracture of the neck of the femur. In the two cases reported here and in 
one civilian case * which the author has followed closely, there was loss of the bone sub- 
stance of the superior articular surface of the head, although the patients claim to have 
used crutches faithfully. Hence, one is forced to assume that a certain amount of the ne- 
crotic bone is crushed, independently of weight-bearing, by the action of the pelvifemoral 
muscles upon the head of the femur, similar to the effects in other ischaemic and destrue- 
tive lesions of the hip. It is also necessary to emphasize that early abstinence from weight- 
bearing will not prevent avascular necrosis, but that it only protects a necrotic head from 
distortion during its replacement by new bone. 


Traumatic Arthritis 

Degenerative joint changes, secondary to trauma, were observed in twelve cases of 
fracture-dislocation within two years after injury. This condition could not be differenti- 
ated clinically from traumatic synovitis or the early stages of avascular necrosis of the 
femoral head, but was established by the presence of roentgenographic features, suggest- 
ing abnormal wear and tear on defective joint surfaces. These consisted of irregularities 
in the articular surface opposite the defect on the injured side of the joint. In six such 
cases there were defects in the posterior rim of the acetabulum, due to unreduced frac- 
tures (Cases 8 and 9), to operative removal of fragments (Case 13), or to healed fractures 
of the head of the femur (Cases 25, 26, and 27). The patients complained of painful crepi- 
tations and clicking sensations, and they were uncomfortable when walking on stairs or 
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lifting heavy objects. Morning stiffness, pain during inclement weather, and inability to 
stand for long periods without discomfort were also mentioned by some individuals, but 
these symptoms were difficult to evaluate and were sometimes related to compensation. 
Within one year after injury, six patients with extensive fractures of the acetabu- 
lum complained of severe pain in the joint and showed increasing limitation of motion; 
their roentgenograms demonstrated irregularities and subsequent loss of the entire joint 
space (Table II). These patients were immediate candidates for arthrodesis or mold arthro- 
plasty, the choice of operation depending upon the requirements of the individual patient. 


FOLLOW-UP STUDIES AFTER TWO YEARS 


The results in nineteen cases of fracture-dislocations of all types after two years 
(Tables 1, II, and III) show that fractures of the articular surface, either of the rim of the 
acetabulum or of the head of the femur, may lead to serious disability when treated by con- 
servative methods alone. A comparative analysis of these cases and of a control series of 
nine cases of similar dislocations without fractures *, and fourteen similar fractures of the 
acetabulum without dislocations *, reveals the natural results of healing of these injuries 
and permits evaluation of current methods of operative treatment (Fig. 13). 

Dislocations without displacement of fragments or with minor fractures of the rim of 
the acetabulum showed results which, as might have been expected, were no different from 
the best or worst results observed in uncomplicated dislocations. Most of the patients, 
presumably because of scarification in the synovial membranes and the joint capsule, 
complained of aching pains, morning stiffness, and snapping of the hip. 

Reduced dislocations, with unreduced but significant fractures of the rim of the 
acetabulum remaining, were followed by degenerative changes in the joint. The late re- 
sults were usually only fair and were sometimes poor, after surgical removal of the entire 
posterior rim. 

In fracture-dislocations in which a single large fragment of the posterior or superior 
portion of the acetabulum could be replaced perfectly with its capsular attachment in- 
tact, the results were excellent and were equal to the results of uncomplicated dislocation 
without fracture. 

In fractures of the head of the femur which distorted the shape of the head, slowly 
progressive degenerative changes appeared over a period of two years; but in three cases 
in this series the joint still showed a useful range of motion. One other patient, whose 
fracture was limited to the antero-inferior portion of the head, had practically normal 
function at the end of two years. 

Fractures of the rim of the acetabulum without dislocation, as reported previously °, 
showed essentially the same results as in uncomplicated cases of fracture-dislocation. In 
both groups of cases, the integrity of the lunate acetabular cartilage and the rim of the 
acetabulum is the critical factor in the end results. In matched cases of fractures, treated 
conservatively and by open operation, good function and little or no disability were shown 
when the joint surfaces were restored as perfectly as possible, but this could be accom- 
plished only by open reduction. Fractures of the anterior rim and certain types of central 
fractures of the acetabulum which, even when unreduced, do not involve a significant 
part of the acetabular cartilage, heal with little or no disability. Comminuted fractures 
which disrupted the acetabulum, with or without dislocations, produced serious disability 
and required arthrodesis or arthroplasty in almost every case within two years. 

Avascular necrosis of the femoral head occurred within two years in two patients with 
fracture-dislocation and in one uncomplicated dislocation in an adolescent boy, but in 
none of the patients with fracture of the acetabulum without dislocation of the head of 
the femur. Severe traumatic arthritis was present in at least twelve additional cases of 
all types listed here. 

These results are tentative. A longer follow-up period will be required to determine 
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TABLE IV 


SELECTED FRAcCTURE-DISLOCATIONS OF Hip JOINT 
AT THE MASSACHUSETTS GENERAL HospITA.L, 1933 To 1945 


Other Injuries 











Unit of Ipsilateral X-ray Findings at 
No. Age Extremity Findings Treatment Complications Follow-up 
523309 25 Large single frag- Open reduction, Sciatic neuritis Excellent at end 
ment of poste- internal _ fixa- of 1% years 
rior rim tion; posterior 


approach 


128308 47 Fracture of pae Comminuted Traction Peroneal palsy Mold arthro- 
tella fracture of ace- plasty 
tabulum; dis- 
placement of 
posterior rim 
10495239 Comminuted Acetabuloplasty None Hip fusion 
fracture of ace- 
tabulum; dis- 
placement — of 
posterior rim 


331819 25 Comminuted Open reduction; None Fair. Degenera- 
fracture of ace- replacement of tive arthritis 
tabulum; dis- large frag- after 6 years 


placement of ments; removal 
posterior rim of small chips 


all the possible after-effects of these injuries upon the function of the hip joint. At the end 
of two years, however, the results in forty-two military cases correspond very closely to 
those in four similar fracture-dislocations (Table IV), seven dislocations, and seven frac- 
tures of the acetabulum * °, studied by the author on the Fracture Service of the Massa- 
chusetts General Hospital. These results show that, except in fractures of the posterior 
rim treated early by primary open reduction and internal fixation, the nature and the 
magnitude of the traumatic lesion, rather than operative treatment, determine the final 
outcome. Whether the good results at the end of two years in this series will become poor 
results after ten years, because of degenerative changes in the joint, remains to be deter- 
mined by further investigation. 


SUMMARY AND CONCLUSIONS 

Of twenty-seven fracture-dislocations of the hip joint presented here, fifteen were 
fractures of the posterior rim, eight were comminuted fractures of the acetabulum, and 
four were fractures of the head of the femur. Treatment was either conservative or by 
open operation. 

Results at the end of two years, in nineteen patients who could be followed, suggest 
the following conclusions: 

1. Fractures of the posterosuperior rim of the acetabulum with displacement should 
be repaired as carefully as any other fracture of a weight-bearing joint. 

2. Fractures of the posterior rim of the acetabulum, associated with dislocation of 
the hip, should be treated by cautious closed manipulation, followed by open reduction 
and internal fixation of the fracture through a posterior approach. 

3. Dislocation of the hip joint, associated with comminuted fracture of the acetabu- 
lum, should not be subjected to closed manipulation. The only safe and efficient method 
of treatment is primary open reduction, as soon as the patient is in fit condition for a 
major procedure. When the goal of the operation is replacement of large fragments and 
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exploration of the sciatic nerve, the posterior approach is required; when replacement of 
the head of the femur and erasion of the joint surface in preparation for fusion are indi- 
vated, the anterior approach is advisable. 

4. Fractures of the head of the femur, except in cases in which it is necessary to 
reduce the size of the head or to excise the intra-articular fragments, are best treated by 
conservative methods. 

5. Degenerative arthritis may be expected to occur in most cases in which the su- 
perior or weight-bearing surface of the head or the superior rim of the acetabulum is de- 
fective, and in many cases in which fragments of cartilage and bone were not cleaned out 
of the joint by open operation. 

The diagnosis of avascular necrosis may be disclosed a short time after the injury 
in cases in which early arthrotomy is indicated. Two patients in this series differed from 
thirteen others with fresh fractures in that gross hemorrhages were found in the retinac- 
ula and the reflected capsule of the hip joint at open operation. One year later, only 
these two cases showed disintegration of the bone structure of the superior portion of the 
head of the femur. These observations suggest that avascular necrosis originates in a 
traction injury and in subsequent thrombosis of the articular branches of the medial divi- 
sion of the femoral circumflex vessels. 

Nore: This work was sponsored by Colonel Mather Cleveland, M.C., Senior Consultant in Orthopaedic 


Surgery, European Theater of Operations. The follow-up studies were aided by Colonel Michael DeBaky, 
M.C., Surgical Consultants Division of the Office of the Surgeon General, and Colonel L. T. Petersen, M.C., 
Surgeon General’s Office. Colonel T. B. Quigley, Colonel D. J. Fourrier, Captain Lincoln Ries, and eee 
V. Coventry assisted in the treatment of the patients. The follow-up studies of the patients of the Massa- 
chusetts General Hospital were made possible by Dr. Edwin F. Cave. Dr. M. N. Smith-Petersen kindly 
offered valuable suggestions by overseas correspondence in several difficult cases. 
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INTRAMEDULLARY PINNING FOR ARTHRODESIS OF THE KNEE JOINT 


BY GEORGE CHAPCHAL, M.D., UTRECHT, HOLLAND 


From the Orthopaedic Section, Utrecht Surgical University Hospital,* Utrecht 


Intramedullary pinning of diaphyseal fractures constitutes an important advance in 
surgical technique. It has opened many new possibilities in the treatment of fractures, 
especially those resulting in pseudarthrosis or malunion. This method can also be used in 
orthopaedic surgery for different purposes, one of which is arthrodesis of the knee joint. 

Before testing this technique, we used different methods in arthrodesing knee joints. 
Each of these methods, even nail fixation, necessitated the use of a large plaster cast to 
complete the postoperative fixation. All of the methods had to be followed by immobiliza- 
tion of the patient for a period of two or three months. It is true that the most modern 
technique, with the use of cancellous chips, can shorten the period of immobilization of the 
patient and give good osseous union of the joint. However, the period of uniting is too long, 
and the use of a plaster cast is necessary in most techniques. 

The disadvantages of a plaster-of-Paris cast are numerous. It does not prevent 
dislocation of the fragments. If used directly on the skin, the fixation will be good; but the 
danger of causing a decubitus ulcer is increased, and there is a possibility of circulatory 
troubles, as well as of paralysis of the peroneal nerve. Postoperative swelling of the 
extremity makes it impossible to use a narrow cast, so that, when the swelling has disap- 
peared, it is necessary to replace the cast by a new one, to ensure good fixation of the ends. 
Supervision of the wound healing under the covering plaster is not possible. It is necessary 
to remove the plaster, or at least part of it, to take out the sutures. This may cause a 
dislocation of the fragments. 

A new method for arthrodesis of the knee was desirable to offset these disadvantages. 
It should shorten the period of treatment, give better fixation immediately after arthrode- 
sis, and make the use of a plaster cast unnecessary. 

Intramedullary pinning of the arthrodesed area of the knee joint is indeed able to 
give all these advantages. The fixation of the fragments obtained by means of a long 
intramedullary pin, which enters into the femur and the tibia, is so stable that we are 
able to omit the plaster-of-Paris cast. The fixation by such a pin is so strong that it will 
even be possible to shorten the after-treatment to just the period necessary for healing 
of the operative wound. The primary stability achieved by this pinning is much better 
than that obtained by nailing the ends with different nails, because of the longer propor- 
tion and the better construction of the pin. In other methods where nails are used for 
fixation in arthrodesis, they are placed in the spongiose tissue of the condyles of the femur 
and of the tibia. This tissue is soft, so that the nails can change their position as a result 
of slight trauma. The advantage of using the medullary pin in arthrodesis of the knee is 
that the pin is fixed in the hard cortex of the bone. Dislocation is then possible only by 
trauma sufficient to bend the pin or to break the bone. 

A further advantage of this method is the fact that we are able to take care of the 
other joints and the muscles of the extremity. During the patient’s rest in bed necessary 
to the healing of the wound, massage and mobilization of the foot, ankle, and hip are 
commenced. This enables us to keep the patient fit, so that he will be able to walk from 
the very day he is allowed to leave his bed. The application of physiotherapy minimizes 
the possibility of postoperative oedema and muscle atrophy. 

* Service of J. F. Nuboer, M.D. 
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Case 1. Preoperative roentgenograms. 
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OPERATIVE TECHNIQUE 


The operation is performed under general anaesthesia or epidural analgesia. An 


anterior approach to the knee is chosen. The 
centimeters (ten to twelve inches) runs on the 
to the tuberositas tibiae. By this incision, the 
after excision of the patella. The ligaments of 


straight incision of twenty-five to thirty 
ventral side of the thigh, over the patella 
femur is exposed and the joint is opened 
the knee are cut, and the surfaces of the 


joint are exposed by maximal flexion of the knee. The joint cartilage is removed by 





Fic. 2-B 


Fig. 2-B: In the left knee, the curved intramedullary 
pin, as used for pinning of the tibia, broke before os- 
seous union of the pieces occurred, because it was too 
thin for arthrodesis of the knee joint. 

Fig. 2-C: Postoperative control roentgenograms, 
showing arthrodesis of both knee joints by curved 
intramedullary pins. 

















Fic. 2-D 











Fig. 2-E 


Fig. 2-D: Shows stable osseous union of the arthrodesis in the right knee before removal of the pins 


(November 5, 1946). 


Fig. 2-E: The right knee joint after removal of the pins (November 23, 1946). 
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Fic. 3-A 


Fig. 3-A: Case 2. Control roentgenograms (June 
18, 1946). 

Fig. 3-B: Showing good osseous union (Septem- 
ber 22, 1947). 

Fig. 3-C: Roentgenograms taken after removal 
of the pin (October 24, 1947). Perfect osseous 
union resulted. 

chiseling until cancellous tissue appears 
and a good adaptation of the pieces is pos- 
sible. Then a hole, three centimeters long, 
is made lengthwise in the femur in the upper 
part of the incision. By this hole the medul- 
lary cavity of the femur is opened, so that 
the medullary pin can be introduced. A 
medullary pin, twenty-five to thirty centi- 
meters in length, is chosen to fix the femur 
and the tibia. It should be as thick as the 
medullary cavity of the tibia will allow. 








Fig. 3-B 


* 


Fig. 3-C 





The medullary pin is introduced into the cavity very carefully, so that the femur will not 
crack. When the pin appears in the joint, the tibia is put in front of it, so that the pin 
enters the medullary cavity of the tibia (Figs. 1-A and 1-B). This is possible only when 
the knee is in slight flexion (approximately 6 to 10 degrees). Then the capsule of the joint 


and the skin are sutured. 


It is recognized that many orthopaedic surgeons like to perform arthrodesis of the 
knee in 20 to 25 degrees of flexion, being convinced that a better functional result will be 
obtained by so doing. Even then, it is quite possible to use intramedullary pinning for 
arthrodesis of the knee, as the degree of flexion depends upon the place where the pin 
enters the femur. This is demonstrated by Case 5 (Figs. 5-A and 5-B), where the arthrode- 
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sis was performed in 20 degrees of flexion, as the patient was employed in an office and did 
his work sitting. As a general rule, the flexion of the arthrodesed knee will increase as the 
distance between the knee and the hole, where the pin enters into the femur, is diminished. 


After-Treatment 

Excellent stability of an arthrodesis of the knee is obtained by a medullary pin, so 
that the use of a plaster cast is avoided. It is sufficient to use a bandage on the wound for 
ten to fourteen days. During this time the patient stays in bed. After the sutures have 
been removed, he is allowed to leave his bed for increasing periods. Massage should be 
used for treatment of circulatory troubles, and to avoid postoperative oedema when the 
patient gets up. After some days the patient is allowed to leave the hospital; at that time 
he is given a plaster splint, to be used only when walking, and to be taken off when 
resting. Six weeks later the patient returns for a roentgenographic examination. He is 
allowed to resume work after three or four weeks more, according to his occupation. 


Use of Cancellous Chips f 
To promote osseous union of the frag- 
ments, cancellous chips taken from the iliac 
bone are sometimes used. They are intro- 
duced into the joint before a stable union 
of the pieces has been caused by the medul- 
lary pin, and are fixed in the coagulum ob- 
tained by injecting a hemostatic prepara- 
tion into the hematoma caused in the joint 
by resection of the cartilaginous covering. 
The use of cancellous chips marks an 
important progress in orthopaedic surgery, 
and their strong osteogenetic power is able 





to produce a quick osseous union. 


Fig. 4-A 
Case 4. Preoperative roentgenograms, show- 
ing destruction of the knee after shell injury and 
septic arthritis (November 15, 1945). 








" 























i 4C 
Fig. 4-B: Control roentgenograms (March 4, 
— 1947). 
Fic. 4-B Fig. 4-C: Osseous union (September 25, 1947). 
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INTRAMEDULLARY PINS 

Two kinds of medullary pins are used in the treatment of fractures,—thick straight 
pins for the femur and curved thin ones for the repair of other bones. Case | was treated 
with thin curved pins, as used for fractures of the tibia. They were introduced from a 
separate incision on the ventral side of the leg, from the tibia, through the knee, into the 
femur. After a period of rest, the patient was allowed to walk. One knee, arthrodesed by a 
curved intramedullary pin, showed a favorable result. The other one did not show osseous 





Fic. 5-B 
Fig. 5-A: Case 5. Control roentgenograms 
March 28, 1947), showing arthrodesis by an in- 
tramedullary pin. Note that the knee is in about 
20 degrees of flexion. 
Fig. 5-B: Shows good osseous union after three 
months. 


union, and consequently the pin broke (Fig. 
2-B). This experience suggested the use of 





Fic. 5-A stronger pins, introduced as described, from 
the incision used for the arthrodesis. 

The advantage of using a thicker intramedullary pin is clearly evident. It gives better 
stability and better fixation of the knee. A warning is necessary against the use of pins 
which are too weak. These pins usually bend when introduced into the medullary cavity. 
The wall of the pin should be at least two millimeters thick. The pin must be resistant, 
because in the first period it has to carry the whole weight of the patient and withstand 
all possible strains. 


Removing the Pin 


After a period of four to six months, the pin can be removed, if the arthrodesis of 
the joint is complete. A small incision in the old scar is sufficient to enable one to find the 
end of the pin and to remoye it with the well-known instruments used for this purpose. 
No difficulties have arisen when this operation has been performed. It is done under local 
anaesthesia, and the patient is allowed to leave the hospital a few days later. The sutures 
can be removed at a subsequent date. 

In some cases, the pins remained in situ for a long period of time without causing 
any reaction. When the pin was removed, no changes in bone tissue or in the pin were 
observed. It is possible, therefore, to allow the pin to remain in place for more than six 
months, without any trouble occurring, if the patient asks for delay in removal. 


Indications for Use of a Medullary Pin 
The question of when to use a medullary pin is dependent only upon the indications 
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TABLE I 


OUTLINE OF Cases REPORTED 


Case Age Date of Cancellous 
No. Sex (Years) Knee Diagnosis Operation Chips Result 
l F, 47 Right Ankylosis after rheumatoid Feb. 9, 1946 Not used Right—good 
and arthritis (Right) Left—pin broken 
left Right knee in 50, left knee Feb. 23, 1946 Not used before osseous 
in 60 degrees of flexion (Left) union appeared 
2 F, 18 Left Total paralysis of the limb Apr. 2, 1946 Not used Good 
after poliomyelitis 
3 F. 18 Right Total paralysis of the limb June 6, 1946 Used Good 
after poliomyelitis 
4 M. 56 Right Fibrous ankylosis after shell Jan. 8, 1947 Used Good 


injury; knee in 150 de- 
grees of flexion 
5 M. ot Left Painful fibrous ankylosis; Mar. 25,1947  Notused Good 
knee in flexion = after 
rheumatoid arthritis 
6 F, 73 Left Fibrous ankylosis after ar- May 30, 1947 Used Good 
throdesis for  arthrosis 
deformans of the knee; 
extremely painful 


for an arthrodesis of the knee. Of course, intramedullary pinning of the knee is not possible 
in case of inflammatory diseases of the joint, where arthrodesis of the knee is indicated. 
Here another technique has to be employed. All other cases are suitable for the use of 
intramedullary pinning, such as arthrodesing the knee for arthrosis deformans, creat- 
ing a stable limb through arthrodesis of the knee for a total infantile paralysis of the 
lower limb, or correcting bony ankylosis of a knee joint united in a bad position, as after a 
shell injury or after gonitis. 

All cases of incomplete union or of fibrous ankylosis of the knee joint should be 
treated by arthrodesis, an intramedullary pin being used, combined with cancellous chips. 

It does not seem advisable to pin the knees in growing children, although the author 
has had no personal experience with the method during this period of life. On the other 
hand, it is not necessary to wait until the epiphyses have closed. No growth difficulties 
were seen after pinning in patients eighteen years old. However, this operation should be 
performed in adults or at the end of the period of growth. 

RESULTS 

In all but one of the cases where intramedullary pinning of the knee was performed 
for arthrodesis, the results were favorable. No complications have been observed, except 
in Case 1, already mentioned, where the curved intramedullary pin, used in the tibia, 
broke because it was too thin. 

No important shortening of the leg was observed, because it was necessary to remove 
the cartilage of the joint only enough to get good union of the arthrodesis. The patients 
were permitted to move about early, and no difficulties arose. The fact that a post- 
operative plaster cast, so often the cause of circulatory trouble, could be avoided, was very 
satisfactory. The patients walked without pain from the very day they were allowed to 
get up. After removal of the pins, the stability of the knee and mobility of the patient 
were not affected. We may conclude, therefore, that this method of arthrodesing the knee 
gives greater satisfaction than the methods formerly used. 

Intramedullary pinning for arthrodesis of the knee joint has been performed seven 
times on six patients (Table I). 
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FRACTURES OF THE TALUS 
BY MAJOR BARNARD KLEIGER 


Medical Corps, Army of the United States 


It is generally known that the end results of fractures of the talus have often been bad. 
In the past these fractures have been infrequent, and the reported series of Schrock, 
McKeever, Miller and Baker, Boyd and Knight, Lipscomb and Ghormley, Shands, 
Wilson, and others have not been large; only a few of their patients had fresh fractures, 
treated immediately after injury. The recent War increased exposure to trauma in in- 
dustrial and military life and increased the frequency of all fractures, including those of 
the talus. Fortunately, the military medical organization permitted immediate clinical 
and roentgenographic examination and treatment of the injured. We are, therefore, able 
to present twenty-nine cases of fresh fracture of the talus, for which treatment was started 
soon after the injury. The end results of several old injuries are used for illustration. 

The anatomy of the talus is too well known to warrant complete discussion at this 
time. Its position in the line of weight-bearing and its many articular surfaces indicate 
clearly that any deformity of the bone will cause serious disability in the ankle. 

Osseous repair following fracture of the talus is made more precarious by the relative 
paucity of its blood supply. In this respect, it resembles the head of the femur and the 
carpal navicular. According to MeKeever, the entire arterial supply is from a small 
articular branch of the dorsalis pedis artery, which enters the lateral aspect of the neck 
of the talus. This may be the largest and most important of the arteries, but our own 
observations agree with those of Sneed and Watson-Jones that smaller nutrient vessels 
help supply the talus through its many and widespread ligamentous attachments. In this 
series, aseptic necrosis appeared only when the fractured body was dislocated posterior 
to the tibia, thereby tearing most of its ligamentous attachments. As revascularization 
progressed, the normal bone density returned, extending posteriorly from the fracture line 
and anteriorly from the posterior tubercle of the talus (Fig. 1-A). This left a triangular 
wedge of dense bone in the center of the body. As the bone healed, this wedge gradually 
narrowed (Fig. 1-B). In an unusual case, the head and neck fragment was displaced and 
rotated from its normal position. The fragment was replaced and it healed, but subse- 
quently a large zone of aseptic necrosis involved the fracture site, the distal portion of the 
neck and head, and, to a lesser extént, the body of the talus (Figs. 2-A and 2-B). This also 
indicated that circulation entered through both fragments. Furthermore, if blood were to 
enter the talus only through the neck, then the small fragment of the posterior tubercle 
would invariably become necrotic when fractured. This has not been true in the present 
series (Fig. 3). 

Of the twenty-nine fresh fractures of the talus, eleven were simple linear fractures 
through the body, close to its juncture with the neck (Fig. 4). Most of these were incurred 
by soldiers, landing from parachute jumps, when the foot was sharply dorsiflexed by the 
force of landing on the fore part of the foot, with or without additional inversion. These 
fractures were treated by simple immobilization in a plaster boot. Weight-bearing was 
forbidden for four weeks. Then the plaster was removed and a roentgenogram was taken 
to determine whether or not aseptic necrosis had appeared. If it had not appeared, a skin- 
tight walking plaster was applied for another four weeks, by which time union was com- 
plete. The results in these cases were almost uniformly good. In no patient did aseptic 
necrosis develop, and there were few residual clinical symptoms. Many of these soldiers 
eventually returned to parachute jumping, and all who had uncomplicated fractures re- 
turned to duty. Two cases were complicated by additional fractures, and the results were 
not quite so good as in the others. One soldier had a fracture of the intertrochanteric 
region of the femur and a chip fracture of the distal end of the fibula, on the same ex- 
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tremity as the fracture of the talus. The fractures healed well and he walked without 
difficulty; but, after five and one-half months of treatment and observation, he had limita- 
tion of motion of the injured ankle, as compared with the normal. The second soldier had 
an inversion fracture-dislocation of the ankle, the medial malleolus having been fractured 
longitudinally, the fibula transversely, and the talus through the body. The entire foot 
and ankle were displaced, so that the talus lay at the medial side of the tibia. The talar 
fragments were in normal relation to each other and maintained their ligamentous attach- 
ments to the rest of the foot. The talus healed well, but, in spite of accurate open reduction 
and internal fixation of the medial malleolar fragment with a Vitallium screw, this fracture 
failed to heal and caused considerable disability. 

Fractures of the articular surfaces and the posterior tubercle of the talus were not 
very frequent and ordinarily caused no trouble. The medial articular surface was fractured 
once in this series, the lateral articular surface (Fig. 5) five times, and the posterior tubercle 
(Fig. 3) twice. These injuries were incurred in various ways, but the characteristic history 
was that the ankle had been twisted in a bad landing from a parachute jump or when 
jumping obstacles. Some of the men described the twist as being in inversion, but most 
were uncertain as to the exact direction of the twisting force. Immobilization in a plaster- 
of-Paris boot for three or four weeks produced healing in all but one of these patients, and 
they were able to return to duty within two months after their injuries. The patient who 
did not follow the usual course had a comminuted fracture of the lateral articular surface, 
with a transverse fracture of the medial malleolus of the same ankle. The talar fragments 
were in good position, but the malleolar fragment was displaced, so that open reduction 
and fixation with a Vitallium screw were done. Although the reduction was good and heal- 
ing of the fractures was equally good, the functional result was not entirely satisfactory. 
At four and one-half months the patient could walk four to five miles daily, but he had 
some pain when doing so; and, when he tried torun, he lacked power in the “push-off’’. The 
range of ankle-joint motion was slightly limited at that time. 

Although we have no data as to the outcome in this case, the roentgenographic picture 
is interesting enough to-warrant its inclusion in this survey (Fig. 6). While doing a rope 
climb, this patient fell about twenty feet and injured his ankle. The roentgenograms 
showed a chip fracture of the lateral and the superior articular surfaces of the talus 
There was also some instability of the talus, as shown by a lateral tilt, but further discus- 
sion of the instability does not pertain to this report. If this fracture had failed to heal 
and the fragment had become sclerotic, it might be difficult to distinguish it from osteo- 
chondritis dissecans of the superior articular surface of the talus (Fig. 7). Unfortunately, 
this patient was lost sight of, and the final result is not known. 

The presence of displaced bone fragments from the superior articular surface of the 
talus did not necessarily indicate a poor prognosis. Two patients were seen in whom this 
problem presented itself. The exact mechanism of the injury was not known, but one 
patient struck his foot on the rim of a jeep, from which he was thrown in an accident. The 
talus was fractured transversely across the body, and the major fragments remained in 
perfect alignment (Fig. 8). However, a large rectangular flap of articular cartilage and 
subchondral bone was pried up from the superior articular surface of the distal fragment. 
Closed manipulation was unsuccessful in reducing this fragment; and six days later an 
incision was made, the fragment was replaced, and the foot was dorsiflexed until the frag- 
ment passed beneath the anterior margin of the distal articular surface of the tibia. This 
held the fragment in position, and a plaster boot was applied for two months after opera- 
tion. Further convalescence was uneventful. Six months after the injury, this man re- 
ported that he was doing a full day’s work at hard, manual labor, and that he had walked 
as far as twenty-five miles in a single day without difficulty. Examination at that time 
showed the ankle to be normal in all respects. There was no swelling and no limitation of 
motion. 
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The other patient had a transverse fracture of the body of the talus, but the distal 
fragment and the foot were dislocated distally and medially. When the displacement was 
reduced, a triangular fragment projected from the superior articular surface (Fig. 9). 
This fragment from the fracture site was so placed that the projection would have un- 
doubtedly blocked dorsiflexion of the ankle, had it been permitted to heal in that position 
Therefore, a month after the injury, the fragment was removed, and immobilization was 
continued for an additional two months. Five and one-half months after the injury, the 
patient had no complaints when participating in moderately strenuous activities. He had a 
complete range of motion, with no pain on motion of the ankle when he was not bearing 
weight; but there was slight soft-tissue thickening about the ankle, and running caused 
some pain. This experience indicated that it was best to replace dislocated fragments when 
possible. These fragments can heal, and, while there is danger of aseptic necrosis, it is not 
inevitable and the risk is worth taking. In each case, inspection of the joint at operation 
showed that the surface area of the articular cartilage covering the displaced bone frag- 
ment was larger than the surface area of subchondral bone, seen in the roentgenogram. 
The additional cartilage was avulsed with the portion attached to the bone fragment. 

Eight patients had fractures through the body, close to its juncture with the neck, in 
which the major fragments were displaced or in poor alignment. In five patients the distal 
fragment was displaced with the rest of the foot, thereby causing a dislocation of the 
posterior portion of the subtalar 
joint. None of these five could de- 
scribe accurately the exact mecha- 
nism of injury, although all had been 
injured in hard parachute landings 
on irregular ground (Fig. 10-A). The 
body of the talus remained within 
the ankle mortise and was rotated 
downward in equinus; the distal 
fragment and the foot were displaced 
distally, sometimes medially, and the 
superior articular surface of the distal 





fragment was usually elevated above 
the superior articular surface of the : 

s : . A . Fic. 10-A 
proximal fragment, indicating that cis = 

. : ; Characteristic displacement of the posteriol subtalar 
the fracture was due to dorsiflexion. joint, with fracture of the body of the talus. 





Fic. 10-B Fic. 10-C 
me Fig. 10-B: Prominence of superior articular surface at the level of the fracture, which blocks dorsiflexion. 
This is not due to compression of the proximal fragment, but to inadequate reduction of the distal fragment 
Fig. 10-C:; Oblique view of the same patient distorts the contour of the talus, and does not clearly show the 
prominence of the superior surface of the distal fragment. 
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The displacement could be reduced by closed manipulation. General or spinal anaes- 
thesia was used. The knee joint was flexed to 90 degrees; the foot was held in equinus; and 
traction was exerted by grasping both the heel and the fore part of the foot, counter- 
traction being maintained under the thigh. During this manoeuvre, pressure was exerted 
with the thumb on the sole of the foot at the level of the displacement, in an attempt to 
lever the fragments into position. Following the manipulation, a plaster boot was applied 
with the foot in the neutral position or in slight equinus. \Watson-Jones has advocated 
that the foot be kept in equinus to prevent recurrence of the displacement. However, 
once properly reduced, the fragments are stable and no ill effects were noted that could 
be attributed to the position of the foot in plaster. With the foot in the neutral position, 
ultimate rehabilitation was speeded considerably. When the fragments were replaced, 
they united readily during immobilization in a plaster boot for ten to twelve weeks, and 
in no case did aseptic necrosis appear. 

Although, in other locations, slight displacement of the fragments may be of little 
consequence, in the talus it may be the source of very serious disability. In one case 
(Fig. 10-B), the reduction was incomplete, and the superior articular surface of the distal 
fragment was permitted to project only slightly above that of the proximal fragment. 
However, it was enough to abut against the anterior margin of the distal articular surface 
of the tibia, and the foot could not be brought into complete dorsiflexion because of the 
bone block. This case called to our attention the absolute necessity of taking at least one 
true lateral projection of the roentgenogram. An oblique view (Fig. 10-C) failed to demon- 
strate the displacement, and it was missed until six weeks after the fracture, when true 
lateral views were taken. In one case (Fig. 11), the upward displacement was so slight that 
the distal fragment did not interfere with dorsiflexion; and in another (Fig. 12), with 
minimal downward displacement of the distal fragment, healing and function were ex- 
cellent. In summary, it can be said that a good result can be expected in this type of frac- 
ture if the fragments are accurately replaced. 

The cases that did most poorly were three patients who had transverse fractures of 
the body of the talus, in which the proximal fragment was displaced posteriorly behind 
the tibia (Fig. 13). The displaced fragment was rotated 90 degrees, so that it lay at right 
angles to its usual position, with the fractured surface facing laterally and the posterior 
tubercle facing medially. All the patients described their injuries as being of such a nature 
that the force of the trauma was applied to the plantar surface of the fore part of the foot, 
bringing it into marked dorsiflexion. In this manner the anterior lip of the tibia acted as 
a wedge, across which the talus was fractured close to the juncture of its neck and body 
(Fig. 15). As dorsiflexion continued, dislocation occurred in the posterior portion of the 
subtalar joint; the heel was displaced forward; the posterior capsule of the ankle joint was 
ruptured; and, according to Watson-Jones, the sustentaculum tali passed under the 
medial tubercle of the talus. When dorsiflexion stopped and the foot returned to the 
neutral or equinus position, the medial tubercle was caught behind the sustentaculum tali, 
and the body of the talus was pushed posteriorly into the space behind the tibia, bet ween 
the tendons of the flexor hallucis longus and the flexor digitorum longus, as demonstrated 
by Gibson and Inkster. This displacement was particularly difficult to reduce. 

Watson-Jones reported a technique of reduction of these fractures by closed manipu- 
lation. The caleaneus is distracted from the tibia by traction on the caleaneus, with the 
foot in equinus. The proximal fragment is then replaced by the exertion of pressure with 
the fingers. If this is inadequate, a metal pin is used to manipulate the fragment into 
position. We were unsuccessful in our attempts to reduce these fractures by closed means, 
and did not use the pin method, because it was felt that the pin would cause additional 
injury to the already damaged articular cartilage. Operation was then performed to re- 
place the fragment. An incision was made on the lateral aspect of the ankle, and, even 
with the joint exposed, it was difficult to replace the fragment. The heel had to be distracted 
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from the tibia by traction. In some cases manual traction was insufficient, and a bone 
hook had to be applied to the dorsum of the calcaneus. If the bone hook does not provide 
enough traction, a Kirschner wire in the calcaneus can be used. After reduction, the joint 
was inspected, and all free fragments were removed or replaced. Although screw fixation, 
from the outer surface of the distal portion of the neck into the body of the talus, was 
used in the earlier cases, it was found to be unnecessary, and no displacement occurred 
when it was not used. Because subtalar motion was subsequently impaired and the 
roentgenograms showed narrowing of the subtalar joint in all these cases, we now believe, 
with Schrock and Miller, that a subtalar fusion should be combined with the open redue- 
tion. This would stabilize the joint to eliminate a source of disability, and would also 
provide an additional source of circulation to the portion of the talus that is most likely 
to undergo aseptic necrosis. In the cases described here, when aseptic necrosis occurred, 
weight-bearing was not permitted until reossification had taken place. 

In spite of accurate open reduction, the end results in these three cases were bad. 
One patient (Fig. 14-A) had a badly comminuted fracture of the medial malleolus, in 
addition to the fracture-dislocation of the talus. The outlook from the beginning was 





Fig. 15 Fic. 16 
Fig. 15: Lateral view of a normal ankle, the patient bearing weight with the foot dorsiflexed, to 
demonstrate the mechanism of fractures of the body and neck of the talus. 
Fig. 16: Six months after open reduction of a fracture of the talus with posterior dislocation of the 
body. There is increased density of the body, as compared with the neck and head and the posterior 
tubercle. The fracture is healed. 





Fic. 17 
Fig. 17: Traumatie arthritis of the ankle after fracture of the talus. ; 
Fig. 18: Late result after astragalectomy for fracture-dislocation of the talus. The functional result 
was poor. (This roentgenogram was made available through the courtesy of Leo Mayer, M.D. 
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unfavorable, and primary arthrodesis should have been carried out. The talus was accu- 
rately reduced by operation; the medial malleolus was not. Necrosis developed in the 
proximal fragment, due to circulatory deficiency, and a wound infection was superimposed 
on this. The wound continued to drain, and much of the superior articular surface of the 
talus became sequestrated (Fig. 14-B). Ten months after reduction, the necrotic bone was 
removed and arthrodesis was performed. The second patient did not have so great a 
degree of aseptic necrosis (Fig. 16); but six months after his injury he still had pain, swell- 
ing, and considerable limitation of ankle and subtalar motion. He will undoubtedly need 
an arthrodesis at a later date. In the third case, the proximal fragment was displaced 
medially between the tendons of the flexor hallucis longus and the flexor digitorum longus 
(Fig. 13). The pressure on the tendons caused plantar flexion of the toes. At operation, 
through a medial approach, it was seen that the posterior tibial vessels and nerve had 
been pressed against, but had not been interrupted. After the operation, the patient lost 
sensation in the entire sole of the foot and inner aspect of the ankle, and the intrinsic 
muscles of the foot were paralyzed. In the year following his injury, sensation gradually 
returned to the sole of the foot, leaving only a small anaesthetic area under the heel and 
on the medial side of the ankle. Some strength had also returned to the intrinsic muscles 
of the foot. Aseptic necrosis of the body of the talus also developed in this patient; this 
condition had partially healed at the end of a year (Figs. 1-A and 1-B). In a letter received 
a vear and a half after his injury, this patient stated that he still had swelling, pain, and 
limitation of motion sufficient to make him limp. Ankle fusion will probably be necessary 
at some future date. 

The procedure of arthrodesis of the ankle joint was not done as a primary opera- 
tion in this series. We now believe that, when a fracture causes such distortion of the com- 
ponent bones of the joint that accurate alignment cannot be restored, the joint should be 
arthrodesed at the first operation. If treatment has been unsuccessful, the talus has be- 
come misshapen, and hypertrophic changes have developed in the ankle joint (Fig. 17), 
the only treatment available that offers hope of a painless and stable ankle is arthrodesis. 

No astragalectomies were done in this series. The operation has been recommended 
by Graham and Faulkner for badly displaced and comminuted fractures of the talus, but 
it does not offer the same assurance of a good result that arthrodesis does. Although motion 
may exist in an astragalectomized joint, the joint is usually painful and unable to with- 
stand heavy work (Fig. 18). The patients reported to have been helped by astragalectomy 
following trauma were usually those in whom ankylosis supervened. 


SUMMARY 

1. The circulation to the talus is deficient, but clinical evidence would indicate that 
the blood supply enters through the many ligamentous attachments of the talus, and not 
solely through the articular branch from the dorsalis pedis artery, which enters the 
superolateral aspect of the neck of the talus. 

2. In fractures without displacement, whether of the body or of one of the articular 
surfaces or processes, the prognosis is good. Aseptic necrosis did not develop in these cases 
and, after adequate immobilization in a plaster boot, complete function was restored. 

3. When the fracture is comminuted and a fragment is displaced in such a manner 
that it will interfere with motion, the fragment must be removed or replaced. Replacement 
is preferable for, if the fragment unites, the result is likely to be better. 

4. Displaced fragments must be reduced accurately. When there has been a partial 
forward displacement of the posterior portion of the subtalar joint, closed reduction is 
feasible and usually successful. It is extremely important that the reduction be checked 
by a true lateral roentgenogram, to determine whether or not the superior articular surface 
of the talus is in satisfactory alignment. With adequate immobilization and accurate re- 
duction, there is every likelihood of a good result without aseptic necrosis. 
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5. When the dislocation was complete and the talar body was displaced behind the 
tibia, attempts at closed reduction were unsuccessful in our hands. In spite of accurate 
open reduction, the results were poor. Aseptic necrosis appeared in all three of these cases. 
Subtalar arthrodesis should be done at the time of open reduction. This will stabilize the 
damaged joint and will increase the circulation to the proximal fragment. If there is an 
associated fracture of the medial malleolus, or so much destruction of articular cartilage 
that the prospect of a good result is poor, arthrodesis of the ankle joint should be done at 
the first operation. 

Nore: This work was done on the Orthopaedic Section of the Army Service Forces Regional Hospital, 
Fort Benning, Georgia, Colonel! Chauncey E. Dovell, commanding. The author wishes to express his appreci- 
ation to Major Roy Ciccone and the other members of the Orthopaedic Section for their help in treating 


and observing these patients, to Colonel E. R. Bowie and the X-ray Department for their splendid coopera- 
tion, and to the Army Field Printing Plant at Fort Benning for many of the reproductions. 
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A STUDY TO DETERMINE THE ANGLE OF ANTEVERSION 
OF THE NECK OF THE FEMUR 


BY PAUL C. KINGSLEY, M.D., AND K. L. OLMSTED, M.D., ANN ARBOR, MICHIGAN 


From the Division of Orthopaedic Surgery, Department of Surgery, 
University of Michigan School of Medicine, Ann Arbor 


This study was initiated to determine, if possible, the true angle of anteversion of 
the neck of the femur. In the past there has been a wide difference of opinion as to this 
measurement, and more recently Campbell stated that, normally, anteversion of approxi- 
mately 25 degrees occurs. The authors believe this figure to be far greater than the 
average. Anteversion is a very important factor in the etiology of congenital dislocation 
of the hip, and it is hoped that this study may aid in further research on this subject. 

In the foetus, during the first half of pregnancy, the axis of the neck of the femur 
and that of the shaft lie in parallel planes; thus, during this stage of development, the 
angle of anteversion is 0 degrees. At birth, a torsion of the neck on the shaft has takea place 
which, according to Le Damany, is from 30 to 50 degrees. This marked increase in torsion 
is attributed to the fact that, during the second half of pregnancy, acute flcxion of the 
hip takes place; and there is difficulty in its adjustment within the uterine cavity. The 
pressure of the uterine muscles against the flexed thigh produces a force of internal 
rotation on the femoral shaft, causing anteversion of the femoral neck. After birth, be- 
‘ause of extrinsic factors such as muscle pull and capsular restriction, the anteversion 
is partially rectified, to the extent of about 15 to 30 degrees. Le Damany believed that, 
at birth, anteversion of the neck of the femur was normally found to a high degree, this 
being somewhere between 30 and 50 degrees; and that during childhood this angle gradu- 
ally diminished, until in the average adult it had decreased to 12 degrees. 

In studying this problem, the authors have attempted to find the average angle of 
anteversion of both the adult and the infant femora, to discover what variations exist 
between the right and the left femora, and to evaluate any marked variations in the angle 
of anteversion of the femur in the two sexes. This study was carried out in the Anatomical 
Laboratories of the University of Michigan, where dry anatomical specimens were 
measured. Measurements were taken on 630 individual adult femora, forty-five known 
pairs of adult femora, and thirty-two pairs of femora of infants and children of known 
age.* 

The angle of anteversion of the neck of the femur varies through a wide range, thus 
making it extremely difficult to determine just what can be considered normal. Testut 
states that Broea found this variation to be from 2 degrees to 38 degrees; since that time, 
others have found it to range from 25 to 41 degrees. The mean average, according to 
various authors **-", ranges from 11.9 to 25 degrees. 

The authors’ series of measurements of 630 femora show this same wide range of 
variation. In the adult femur, the minimum angle found was minus 20 degrees and the 
maximum was 38 degrees, while in the foetal and infant femora the range was between 
minus 10 degrees in a five-months’ foetus and 64 degrees in one stillborn foetus. 

Various methods have been used by each investigator to determine this angle, and 
for this reason it is difficult to compare the findings in our series with those of others; 
but the authors feel that sources of error are present in the methods previously used, 
which account for the wide variations given for the mean average angle®". 

We feel that the angle of anteversion is that formed by the juncture of two planes, 


* The authors are greatly indebted to Rollo E. MeCotter, M.D., Director of the Anatomical Laboratory, 
whose willing cooperation and helpful suggestions have made this study possible. 
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one passing through the long axis of the shaft of the femur, and the other passing through 
the long axis of the neck of the bone as viewed from above. The following is the method 
used to determine this angle: The femur was placed on a smooth, level, horizontal surface, 
so that it rested on three points,—namely, the posterior aspects of the two femoral 
condyles and the posterior aspect of the greater trochanter. The angle of obliquity of the 
shaft was disregarded, because this is normally extremely small; and it has previously 
been shown ‘ that, in disregarding this angle, 
an error of only 0.2 degree will result in the 
determination of the angle of anteversion. 
Therefore, the authors felt justified in ignor- 
ing the angle of obliquity in this study. 
The greatest difficulty encountered was 
in the determination of the true longitudinal 
axis of the neck of the femur. It was felt that 
the head of the femur could not enter into 
this determination, as Pearson and Bell im- 


sé 


ply in their term ‘‘capito-collar’’ axis, be- 
cause of the fact that the head is not centered 
on the neck of the femur. In this study the 
head was found to be displaced, either an- 
teriorly or posteriorly, in 68.7 per cent. of all 
femora. This was determined by actual meas- 
urements; therefore, we did not use any 
point on the head to aid in determining the 
axis of the neck, as had been done previously 
by Pearson and Bell and by Parsons. 








Fic. 1-B Fig. 1-C 


The three positions of the height gauge show how the exact center points, on the neck of the femur, 
were determined. 
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Fic. 2 


Protractor in position to read angle of anteversion. 


of the neck, between its anterior and posterior surfaces, could be determined at two 
different points on the neck, as viewed from above, a line connecting these two points 
would give the true long axis of the neck. If this line were then continued to the surface 
supporting the bone, an angle would be formed; and it was felt that this presented the 
true angle of anteversion. 

Difficulty was encountered with those femora showing a reverse angle, or an angle 
of retroversion, owing to the fact that they rested on the posterior aspect of the two 
condyles and the head, rather than on the posterior surface of the greater trochanter. There- 
fore, it was necessary to elevate the bone on two small, smooth blocks, one centimeter in 
thickness; one was placed beneath the condyles and the other beneath the greater tro- 
chanter, thus allowing the head, in the case of a reverse angle, to lie actually below the 
level of the supporting surface of the femur. It was noted occasionally that the bone would 
rest on the lesser trochanter rather than on the greater trochanter; but, by shifting the 
block slightly, it was still possible to make the greater trochanter the proximal supporting 
point of the bone. 

The two center points on the neck, between its anterior and posterior surfaces, were 
determined by the use of a height gauge (Figs. 1-A, 1-B, and 1-C). The vertical rod which 
held the pointer and millimeter scale was fastened to its base by means of a bolt. Thus 
this rod was movable; it could always be set perpendicularly to the longitudinal axis of 
the neck of the femur and a true reading obtained. The millimeter scale was fastened to 
the pointer, which was free to slide up and down on the vertical rod, and thus a direct 
reading could be made from a fixed point on the rod. Two points were marked on the neck 
of the femur—one distally and the other proximally—and, with the height gauge, two 
readings were made at each of the two selected points. The readings were taken, one at the 
posterior surface and the other at the anterior surface of the neck; by subtracting one 
reading from the other, the anteroposterior diameter of the neck at that given point 
was determined in millimeters. Exactly one-half of this diameter was determined, and the 
height gauge was set at this figure; thus was obtained the true center of the neek in its 
anteroposterior diameter at that given point. The procedure was repeated at the second 
selected point on the neck, and the center at that point was obtained. These two points 
were carefully marked on the femoral neck. 

A protractor (Fig. 2) was devised, by which the angle of anteversion could be read 
directly, after the two center points of the neck had been determined. A transparent 
celluloid protractor was mounted on a base, so that it would read from the same height 
as that of the blocks upon which the femur rested. A long metal arm was attached at the 
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TABLE | 


Mean AVERAGE ANGLES OF ANTEVERSION FOR 630 ADULT FEMORA 


Left Right Average 
( Degrees) ( Degrees) ( Degrees 


Male Femora 


Mean 7.42 8.42 7.94 
Range —17 to 31 —15 to 33.5 —17 to 33.5 
Female Femora 
Mean 7.55 8.71 8.11 
Range —14.5 to 38 —20 to 30 —20 to 3S 
Total of Male and Female Femora 

Mean 7.47 8.54 8.021 
Range —17 to 38 —20 to 33.5 —20 to 38 


center point of the base of the protractor, and this arm served to connect the two center 
points, marked on the neck of the femur. The angle thus formed (Fig. 2) was considered 
to be the true angle of anteversion and was read directly from the protractor, the eye being 
on a level with the axis of the neck. 

Six hundred and thirty femora were studied, and the angle of anteversion was meas- 
ured. In this study, as in those of the past, there was found to be a very wide range for this 
angle, but the average was determined to be 8.021 degrees. An attempt was made to 
classify the specimens according to sex, but, because no previous record concerning the 
specimens was available, it was possible to classify them only as to male and female types. 
The female type was considered to be that in which the entire bone was smaller,—the diame- 
ter of the head was small, the muscle attachments were less prominent, and the bone was 
lighter in weight. A further classification was made by separating the specimens into right 
and left femora, in order to determine whether or not some variation would be shown in 
the opposite femora of known pairs. 

Three hundred and eighty femora of the male type were measured, and, of these, 184 
‘lefts’? showed an average angle of anteversion of 7.422 degrees. The 196 “rights’’ showed 


TABLE II 


MEAN AVERAGE ANGLES OF ANTEVERSION FOR THIRTY INFANT FEMORA 


Left Right Average 
( Degrees) ( Degrees) Degrees 


Male Femora 
Mean 24.3 20.9 22.6 
Range —5 to 45 —10 to 39 —1)) to 45 
Female Femo-a 
Mean 25.3 27.1 26.2 
Range —6 to 64 —6 to 48 —6 to 64 
Total of Male and Female Femora 

Mean 24.8 24.0 24.4 
Range —10 to 48 —6 to 64 —10 to 64 
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TABLE III 


MEAN ANGLES OF ANTEVERSION IN THIRTY-FOUR FEMORA OF CHILDREN * 


Left Right Average 
(Degrees) (Degrees) (Degrees) 
Mean 16.4 17.9 17.2 
Range —4.5 to 38 0.5 to 33 —4.5to 38 


* The ages ranged from 2 to 15 years. 


this angle to average 8.423 degrees. Two hundred and fifty specimens comprised the group 
of the female type. Of this group, 121 were lefts and the average angle was found to be 
7.549 degrees, while in the group of 129 rights it was 8.707 degrees. Of the total specimens 
of the male type, the average angle was 7.938 degrees, whereas this angle in the entire 
group of the female type was 8.107 degrees. Taking into consideration the entire group, 
composed of both male and female types, we found that in 305 lefts the angle was 7.472 
degrees, while in 325 rights it was 8.536 degrees. Thus the right femur has a slightly greater 
angle of anteversion than that seen in the left, and in the female type this angle is slightly 
greater than in the male (Table I). 

In infants and children the angle of anteversion is much greater because, as stated 
previously, at birth a high degree of anteversion is normally seen in the femoral neck, due 
to the position attained by the foetus in utero, a condition which is gradually rectified dur- 
ing childhood. The present series of fifteen pairs of infant femora is small, but nevertheless 
does bear out this fact (Table I1). The left femur of the male had an average angle of 24.3 
degrees; the average for the rights was 20.9 degrees; and the average for all was 22.6 de- 
grees. In the female group the lefts averaged 25.3 degrees; the rights averaged 27.1 de- 
grees; and the average angle for the group was 26.2 degrees. The average angle of ante- 
version for the entire group of thirty infant femora was 24.4 degrees. 

Pairs of femora from children of known age were next studied, the ages ranging be- 
tween two and fifteen years. Some of the specimens in this group were not labeled as to 
sex, and, because it is very difficult to differentiate the femora anatomically at an early 
age as to sex, this classification was not made. Of the femora of this age group (Table IIT), 


TABLE IV 


RANGE OF ANGLE OF ANTEVERSION FOR 620 FEMORA 


Male Female 

Angle of . . Total 
(nteversion Left Right Left Right alae 

er cent, 

Dearees) 
(No. (Per cent.)| (No.) (Per cent.)| (No. (Per cent.) (No. Per cent. 

—20 to —15.5 l 0.15 0 0 0 0 2 0.3 0.5 
—1l5to —10.5 2 0.3 4 0.6 4 0.6 2 0.3 1.9 
—10 to —5.5 9 1.4 S 1.3 6 1.0 3 0.5 +1 
—5to —0.5 17 2.7 17 2.7 10 1.6 S iw 8.3 
Oto 5 35 5.6 42 6.7 24 3.8 27 3 20.3 
5.5 to 10 57 9.0 43 6.8 37 5.9 32 5.1 26.8 
10.5 to 15 34 5.4 37 5.9 22 3.5 28 1.4 19.2 
15.5 to 20 17 2.7 $1 4.9 10 1.6 14 2.2 11.4 
20.5 to 25 Ss 1.3 10 1.6 5 0.8 9 1.4 5 1 
25.5 to 30 3 0.5 3 0.5 2 0.3 } 0.6 1.9 
30.5 to 38 1 0.15 1 0.15 1 0.15 0 0 0.5 
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Cuart I 


Shows angle of anteversion and angle of retroversion. 


the thirteen lefts showed an average angle of anteversion of 16.4 degrees, while the thirteen 
rights averaged 17.9 degrees; the total average was 17.2 degrees. This, likewise, is a small 
series, but it shows well that during childhood the angle of anteversion is gradually de- 
creasing from the large angle seen at birth to the relatively small one seen in the adult. 

Table IV shows the range of the angle of anteversion for the entire series of 630 
adult femora measured. It shows that more than one in four have anteversion, ranging 
between 5.5 and 10 degrees, and that 66.3 per cent. of all those measured showed ante- 
version between 0 and 15 degrees. The average angle of 8.021 degrees, found in this study, 
is distinctly less than that observed by anyone previously. We believe that any angle 
greater than this is approaching an abnormal degree of anteversion, and that anything 
beyond 15 degrees must be considered pathological in the adult. One hundred and nineteen 
or 19 per cent. of the specimens studied fall in this group. 

In this study many femora were found to have a reverse angle or an angle of retro- 
version. Most other observers have also noted this fact, but previously it has been con- 
sidered an unusual finding, whereas in our study this has been a rather frequent finding. 
Of the entire group of adult femora measured, ninety-three or 14.8 per cent. showed this 
angle to be reversed, and it varied between minus 0.5 and minus 20 degrees. We see, there- 
fore, that the reverse angle was a finding almost as common as the increase in anteversion 
which we considered definitely pathological (Chart I). 

Finally, it was felt that by studying known pairs of femora, interesting data in this 
study would be obtained. The paired femora from forty-five adult anatomical specimens 
were obtained, and in them this angle was measured. This group was also classified as to 
sex, there being femora from twenty-eight males and seventeen females. In the male group 
the right femur had a greater angle of anteversion than the left in seventeen of the twenty- 
eight pairs, while in the female group it was greater in twelve of the seventeen pairs 
studied. Thus in the series of known adult pairs, the right femur showed an angle of ante- 
version greater than that seen in the left in twenty-nine of the forty-five pairs studied, 

a ratio of two to one. 

This has been purely an anatomical study and no attempt has been made to correlate 
the findings with any clinical aspects, such as those which might be applied in the study of 
congenital dislocations of the hip or in the treatment of fractures of the femoral neck by 
internal fixation. 
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ANGLE OF ANTEVERSION OF THE NECK OF THE FEMUR 


SUMMARY 


The authors feel that, in the past, the angle of anteversion of the neck of the femur 
has been considered to be greater than it normally is. This study has shown that 25 
per cent. of all adult femora will normally have anteversion of between 5 and 10 degrees, 
and that 66 per cent. will fall between 0 and 15 degrees. The authors believe that any 
angle of anteversion in the adult femur that is greater than 10 degrees is approaching the 
abnormal, and that anything over 15 degrees is definitely pathological. 

There are many differences between the male and female types of femur. Although 
the difference in the angle of anteversion is small, it should be considered as one of the 
characteristics of each type,—the female type showing a slightly greater amount of ante- 
version than the male type. 

This study bears out the facts that the infant femur has a high degree of anteversion 
normally (this averaged 24.4 degrees); and that, during childhood and adolescence, it 
gradually recedes to that seen in the adult. 

A reverse angle or angle of retroversion is a rather frequent finding, and its occur- 
rence in the adult is nearly as common as the finding of an abnormal amount of anteversion. 
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RECONSTRUCTION OF THE ELBOW JOINT 
BY EDWARD PARNALL, M.D., ALBUQUERQUE, NEW MEXICO 


If a stiff elbow can be converted into one which has a certain amount of practical 
painless motion and a reasonable degree of stability, much will be accomplished. It has 
long seemed to the writer that an attempt at physiological function, based on a fair 
knowledge of the direction healing tissues take, should be the basis for action 7 ', rather 
than anatomical reproduction of the elbow joint *. While the approach to the joint shown 
in this paper was devised independently in 1939 by the writer, it is not a new one, having 
been used by Gutiérrez in 1925, by Milch, and by Campbell. Busto deals quite exhaustively 
with the subject in an interesting historical sketch. Most of the other approaches appear 
not to be physiological. The very easy posterior horseshoe incision strips too much peri- 
osteum and necessitates a long healing time for a transversely divided large tendon; the 
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Fig. 1: Dotted line shows incision. Note that it is perpendicular to skin cleavage lines at only one point. 
Fig."2: The ulnar nerve is exposed and ready for freeing. 
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Fic. 3 Fia. 4 
Fig. 3: The ulnar nerve is retracted and the medial epicondyle is being detached with flexor muscle 
mass. : ; : ; 
Fig. 4: The flexor muscle mass is reflected and the field is ready for the operation of choice. 


752 THE JOURNAL OF BONE AND JOINT SURGERY 








ctical 
t has 
. fair 
ather 
hown 
Ving 
ively 
ypear 
peri- 
; the 


{ 


nv Ra 


int. 


GERY 
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lateral longitudinal incision is too far from its target and endangers the radial and ulnar 
nerves + °; and the posterior longitudinal incision * > ", cutting across skin cleavage lines 
and traversing an extensor surface of a joint, merely invites keloid formation and con- 
tracture. 

A consideration of the various types of substances suitable for interposition between 
the joint surfaces is not of great importance, as far as the elbow is concerned, since a prop- 
erly conceived physiological procedure should minimize the need for an interposing sub- 
stance. Several writers, notably Stamm, state that fascia lata is never necessary. 


OPERATIVE PROCEDURE 

A semicircular incision, five inches (thirteen centimeters) in length, is made on the 
medial aspect of the elbow, with its apex just anterior to the medial epicondyle of the 
humerus (Fig. 1). The medial antibrachial 
cutaneous nerve should be identified and 
avoided (Fig. 2). 

The ulnar nerve is exposed in the upper 
portion of the area, dissected free in its entire 
course as far as its disappearance in the fore- 
arm flexors, and retracted with a tape (Fig. 
3). 

The medial epicondyle is cleanly divided 
from its parent bone, well at its base, with an 
osteotome (Fig. 3). The flexor muscle mass is 
separated by blunt dissection and retracted 
downward with the attached epicondyle 
(Fig. 4). 

The soft tissues on all sides of the lower 
portion of the humerus and the humero-ulnar 
ligaments are separated by sharp dissection. 
The area is now exposed, and is ready 
for whatever reconstructive procedure good 
judgment dictates, from simple removal of 
obstructing spurs to complete arthroplasty 
(Fig. 5). 

In closure, the detached medial epicon- 
dyle is usually dissected free and discarded. 
The flexor muscle mass is approximated to 
the remnant of the medial intermuscular sep- 
tum and lightly sutured. The ulnar nerve is 
transposed anteriorly and subcutaneously. 
The wound is closed. 

If necessary, a hanging cast is ap- Dd P 
plied for the sake of stability and downward ee 
traction. Otherwise, a bulky dressing is Procedures followed oy cases. A, Case 1; B, 
used. Case 5; C, Case 4; D, Case 2; E, Case 3. 





On the day after operation, the patient 
is encouraged to tense the triceps and biceps simultaneously in order to 
elbow joint. The cast is not retained longer than one week; at the end of this time, active 
graded exercises are begun. As soon as the wound is healed and the sutures have been 
removed, the patient should receive daily whirlpool baths. Active exercises are gradually 
increased until, at the end of about three weeks, the patient is working against resistance 
and is increasing the range of motion. 


‘ 


‘snug”’ the new 
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Seven elbows were repaired, all in soldiers between the ages of twenty-five and thirty- 
five. The elbows were approached through the medial curved incision. All of the patients 
except one (Case 7) had sustained missile wounds of the elbow. In Case 7 a simple frae- 
ture of the lower end of the humerus had been sustained, complicated by suppurative ar- 
thritis of the elbow. This was treated with skeletal traction. 

In Case 1 the humerus was trimmed to a knife-edge, as shown in Figure 5,4, with no 
fascial covering; this is very similar to a case cited by Buckley. 

In Case 2 the humerus was resected just above the trochlea and capitellum, and was 
covered with fascia (Fig. 5,D). 

In Case 3 (Figs. 6-A, 6-B, 6-C, and 6-D), the patient had an ununited fracture of the 
humerus, with pseudarthrosis and a good deal of exuberant callus, too close to the elbow 








Fic. 6-B Fic. 6-D 
Figs. 6-A and 6-B: Case 3. Roentgenograms taken before operation (Fig. 6-A) and six weeks after 
operation (Fig. 6-B). 
Figs. 6-C and 6-D: Photographs taken six weeks after operation. 
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RECONSTRUCTION OF THE ELBOW JOINT 


TABLE I 


RESULTS AFTER OPERATION 


‘ Period after an , 
, “i O wate . oe 
No. (Weeks) Full Extension Flexion to Stability 
Minus: Right Angle Plus: 
l 16 30 degrees 25 degrees Stable 
2 1] 25 degrees 20 degrees Stable 
3 6 20 degrees 5 degrees Unstable 
} 10 50 degrees 30 degrees Stable 
5 12 45 degrees 5 degrees Stable 
6 16 45 degrees 15 degrees Stable 
7 12 25 degrees 25 degrees Stable 


for good bone-grafting. Although it was felt that resection of the lower fragment would 
cause instability, this procedure was carried out (Fig. 5,2), the upper fragment simply be- 
ing left with its own covering of fibrous tissue. 

In Case 4 there was extensive comminution and destruction of the proximal portion of 
the ulna. At operation, therefore, the trochlea was left to fill the remainder of the semilunar 
notch of the ulna, and was cut flat across, so as to teeter in seesaw fashion on the knife- 
edge cut from the humerus, which was covered with fascia (Fig. 5,C). 

In Case 5 there was excessive bone proliferation in both humerus and ulna. Removal of 
the medial epicondyle increased motion by about 30 degrees; this was increased 25 degrees 
more by removal of a spur on the coronoid process. The medial epicondyle was, therefore, 
discarded (Fig. 5,B). 

Case 6 was dealt with in the same way as Case 1 (Fig. 5,A). 

In Case 7 (with ankylosis resulting from suppurative arthritis), treatment was the 
same as in Case 2 (Fig. 5,D). 

The postoperative results are shown in Table I. 


FOLLOW-UP STUDY 


In all seven cases the patients were followed by letter. Each patient was asked to 
draw an angle, representing the amount of motion he had at the time (six months to a year 
after operation). In each case the diagram indicated that motion was nearly identical 
with that given in Table I. Each patient was asked specifically if he preferred the elbow 
he had to a stiff and painless joint; each replied in the affirmative. One patient (Case 3) 
stated that he could stabilize his elbow by “‘setting”’ it by muscle action, and that he pre- 
ferred it to a stiff elbow. 

In March 1948, a second follow-up letter was sent to each patient. Replies were re- 
ceived in Cases 1, 2, 3, 4, and 5. Four patients (Cases 1, 2, 4, and 5) reported exactly the 
same motion and expressed the same preference for a mobile elbow. In Case 3, the least 
satisfactory from the very beginning, the patient stated that the elbow tended to lock in 
extension, due to overlap of the ulna anterior to the humerus, and that he had a hard time 
getting his hand to his mouth. While he still expressed preference for a mobile elbow, 
probably some attempt should have been made to secure union of the fractured humerus, 
and appropriate treatment continued thereafter. 
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DISCUSSION 
Coxa PLANA 


(Continued from page 620) 


Within the last two years, I have operated upon two patients with Legg-Calvé-Perthes disease; one was 
twenty-one years old, the other forty-two. Both were disabled by traumatic arthritis, resulting from a 
mechanically faulty hip joint. An arthroplasty was performed in each case. 

The most important point to keep in mind in the treatment of Legg-Calvé-Perthes disease is that even a 
minor deformity will bring about increasing changes and eventually will result in a disabling condition, 
demanding operative treatment. 


Dr. M. B. Howorru (closing): Dr. Gill’s statement about coxa plana and congenital dislocation of the 
hip is certainly well taken. The conditions are not quite the same. I might simply say this: When we put 
these hips in plaster under tension, coxa plana resulted in 25 per cent. When we stopped putting them in 
plaster under tension, coxa plana occurred in less than 5 per cent. You might try that in congenital disloca- 
tion of the hip. I have not used the terms “‘aseptic necrosis’’ and ‘‘fragmentation’’. I do not think these terms 
are proper, any more than they are for the development of callus in the healing of fractures. 

I would like to add one point about the pathological changes. In the early stages, when we open the joint, 
the cartilaginous surface of the head is round; it is not flat. The flattening in the ossified portion of the epiphy- 
sis is seen early only in the roentgenograms. 

Dr. Gill’s and Dr. Smith-Petersen’s point about the follow-up in these cases is well taken. Probably none 
of us will live long enough to find the answer. The evaluation of the cases is difficult. We have had 100 cases, 
fifty treated by rest in bed and fifty by operation. It is not possible in twenty minutes to give the detailed 
results. No two cases are alike. I do not know what the final answer will be. I have found that drilling pro- 
duced less residual deformity and that the hip healed more rapidly. I do not think the answer to the question 
is whether rest or drilling, muscle flaps or bone pegs, constitute the best treatment; rather we should find out 
what causes the disease, and how to prevent it. At the moment we do not know. That is where the work should 
be done. The only thing I know that might prevent deformity is that, as soon as symptoms develop in the hip 
of a child, he should be given complete freedom from weight-bearing until all spasm and limitation of motion 
have subsided. We have sometimes prevented coxa plana by so doing. Perhaps some of the younger group will 
discover the cause and the ultimate prevention of the disease. 
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SURGICAL TREATMENT OF INTRACTABLE PLANTAR WARTS * 
BY JAMES A. DICKSON, M.D., CLEVELAND, OHIO 


From the Cleveland Clinic, Cleveland 


At first glance, the subject of plantar warts may seem to be too trivial for discussion, 
since these lesions are generally regarded as presenting a minor medical problem. It is 
true that 90 per cent. of them are superficial lesions, which respond readily to conservative 
treatment with roentgen irradiation, escharotic solutions, or electrodesiccation. However, 
it has not been generally or sufficiently appreciated that, in the 10 per cent. of cases of 
verruca plantaris which do not respond to conservative therapy, the problem is far from 
trivial. 

Patients with these intractable lesions suffer extreme pain and serious disability, 
and they lose much working time and incur great expense in an effort to find relief. The 
typical history is that they have suffered for many years and have consulted many physi- 
cians, including general practitioners, roentgenologists, surgeons, orthopaedic surgeons, 
and dermatologists (and most of the patients have also seen chiropractors, chiropodists, 
and electrotherapists), but they still have the plantar warts, which recur or persist as 
ulcers on the soles of the feet. These stubbornly refuse to heal, and cause excruciating 
pain and difficulty in walking. Any ailment so serious to the patient demands serious 
consideration by the medical profession, and radical treatment, if this is necessary, to 
relieve the suffering. 

In formulating a rationale for treatment, it is necessary to consider the pathological 
condition involved. An ulcerated plantar wart of long duration invariably extends through 
the deep fascia, sometimes down to the tendon sheaths (Figs. 1-A and 1-B), usually with 
ulceration and pronounced sclerosis of the surrounding tissue. Thus these lesions are not 
merely warts, but also deep ulcerative processes, resulting to some extent from previous 
treatment. Additional local application of escharotics or radiation treatment in this type 
of lesion is useless; the only thing that will relieve the patient is complete removal of the 
diseased area. 

The therapeutic problem is made more difficult by the fact that all patients with 
these intractable warts exhibit mechanical defects in the feet, with weight thrown ab- 





Fig. 1-A Fic. 1-B 


Fig. 1-A: Cross section of a gross specimen including a plantar wart, showing depth of the lesion. 
Fig. 1-B: Photomicrograph (X 4) of a plantar wart, showing spurlike process extending through the 
subcutaneous tissue, practically to the tendon sheath, with pronounced sclerosis of adjoining tissue. 


* Read at the Annual Meeting of The American Orthopaedic Association, Het Springs, Virginia, June 
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Fig. 2-A Fic. 2-B 
Technique of operation. 
Fig. 2-A: Dissection of toe and metatarsal bone. 
Fig. 2-B: Operative site after removal of the metatarsal bone. 
Fig. 3: Appearance two months after removal of fifth toe and metatarsal bone from left foot of a man, 
aged sixty-two. Two courses of contact roentgenotherapy and other local treatment had failed to give 
relief, 





Fic. 4-A Fic. 4-B Fic. 5-A Fic. 5-B 


Fig. 4-A: Uleerated wart at the bases of the second and third metatarsal heads on the right foot of a 
woman, aged twenty-six. The lesion had persisted for six years, despite eight surgical removals and x-ray 
and radium treatments. 

Fig. 4-B: Appearance of foot, two months after removal of the second toe and second metatarsal bone. 

Fig. 5-A: Uleerated wart underneath third metatarsal head, after five series of roentgen treatments 
administered over a four-vear period, in a man, aged sixty. 

Fig. 5-B: Appearance of foot, two months after removal of third toe and metatarsal bone. 


normally on one of the metatarsal heads, producing a painful pressure point. Everyone 
who has tried to deal with these cases by surgical excision has had the great disappoint- 
ment of having the wart recur, or at least of having a recurrence of painful callus, despite 
all attempts to relieve pressure locally by means of arch supports and other measures. 
Thus, even in cases which are most favorable from a surgical standpoint—that is, those 
in which the wart can be excised easily and satisfactory closure procured—the results 
usually are far from successful. 

The problem becomes more difficult in those cases in which the lesion is so extensive 
that, when it has been completely removed, satisfactory closure is impossible without 
resorting to skin-grafting. Skin-grafting and plastic operations used for this type of plantar 
wart have been described by Ghormley and Lipscomb, Haggart, and Blair and his co- 
workers. Although skin-grafting has proved fairly effective in some instances, it involves 
a long period of hospitalization and is associated with all the uncertainties and failures 
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attending this type of operation. Even when skin from another area is transferred suc- 
cessfully, it retains the characteristics of the donor site, and may be too thin to furnish 
sufficient protection to the weight-bearing area of the foot. Furthermore, the difficulties 
of overcoming the persistent pressure point of the foot still remain, so that, even after 
successful skin-grafting, there may be a recurrence of the difficulty. 

After many disappointments, associated with various types of treatment along these 
traditional lines, it occurred to the author that removal of a V-shaped section of the 
foot, including a wide excision of the wart, with the corresponding toe and metatarsal 
bone, might remove the principal causes of the difficulty and afford the desired relief 
to the patient. This would entirely remove the pressure point which might cause a re- 
currence, and would allow satisfactory closure, even when the lesion involved a very 
extensive area. Any necessity for skin-grafting would be avoided, and primary union 
would be procured, which would greatly minimize the time of hospitalization. 

The first operation was performed on a woman who begged that her foot be am- 
putated, so that she might walk without constant pain. In comparison with the treatment 
requested, the surgical procedure of removal of a toe and metatarsal bone was conserva- 
tive, and the result was most successful. 

The operation itself is not difficult. It consists in the removal of a wedge-shaped 
area of the foot, including the warty lesion, the toe, and the metatarsal bone which is 
causing abnormal pressure on the sole of the foot (Figs. 2-A and 2-B). A wide elliptical 
incision is made around the plantar lesion, extending between the webs on both sides of 
the toe to be removed, and over the dorsum. The metatarsal is exposed subperiosteally, 
with reflection of the intrinsic muscles. The extensor and flexor tendons are cut, and 
the metatarsal bone is removed near its base by bone-cutting forceps. The adjoining 
metatarsals are sutured together with chromic catgut through the capsule of the meta- 
tarsal-phalangeal joints, thus obliterating the space made by the removal of the bone. 
Skin closure is then accomplished readily. 

The postoperative care consists in wearing a few layers of elastic bandage about 
the fore part of the foot for three or four weeks. Crutches are used when walking, to pro- 
tect the foot until the wound is well healed. 

The most frequent site of intractable plantar warts is underneath the head of the second 
metatarsal bone. Case | (Figs. 4-A and 4-B) had a typical history, and the illustrations 
show a typical result after removal of this bone. Cases 2 and 3 (Figs. 5-A, 5-B, 6-A, and 
6-B) illustrate the results of operations performed on the third and fourth metatarsal areas. 
Case 4 (Fig. 3) illustrates the result of an operation with removal of the fifth toe, and 
Case 5 (Figs. 7-A and 7-B) that for a wart underneath the great toe. When the wart is 





Fic. 7-A Fic. 7-B 





Fig. 6-A: Uleerated wart under fourth meta- 
tarsal head of right foot in a woman, aged 


Fic. 6-A Fis. 6-B 
fifty-six. Several series of roentgen-ray treatments and cauterizations had failed to eradicate the lesion 
Fig. 6-B: Appearance of foot, two months after removal of fourth toe and metatarsal bone. 
Fig. 7-A: Plantar wart at base of great toe on left foot in a woman, aged fifty-nine. 
Fig. 7-B: Appearance of foot after removal of warty area and sesamoid bone. 
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under the great toe, the pressure point is usually caused by the sesamoid bone. In these 
cases, removal of the sesamoid along with the warty area has proved effective, without 
removal of the metatarsal head. 

The author has now performed this operation in a series of twenty-five cases, and 
the results have been uniformly successful. He believes that this operation offers the best 
chance of relieving those patients whose plantar warts extend deep into the subcutaneous 
tissue and have recurred or persisted and become more painful, despite the most skillful 
use of roentgen irradiation and other conservative therapy. The operation is recom- 
mended only for that group of patients with plantar warts which have failed to respond fo 
conservative measures. It is a radical procedure, and is to be used only in those cases in 
which, because of the persistence and depth of the lesion, radical treatment is demanded. 

REFERENCES 
Buarr, V. P.; Brown, J. B.; and Byars, L. T.: Plantar Warts, Flaps and Grafts. J. Am. Med. Assn., 108: 

24-26, 1937. 
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of the Foot and Ankle. Technique and Results. J. Bone and Joint Surg., 26: 483-488, July 1944. 
Haaeart, G. E.: The Conservative and Surgical Treatment of Plantar Warts. Surg. Clin. North America, 

14; 1211-1218, 1934. oh 

DISCUSSION 

Dr. R. PLato ScHwartz, RocHESTER, NEw YorK: Dr. Dickson's experience is similar to that which 
we have had with intractable plantar warts; but I am not sure I can agree that all intractable plantar warts 
are due to abnormal pressure. It seems to me they are not. 

The simple untreated plantar wart usually responds to the application of a 10 per cent. solution of 
salicylic acid in collodion. I have not seen intractable plantar warts develop in association with this con- 
servative treatment. In my experience, the intractable plantar wart has followed treatment of simple plantar 
warts by roentgen ray, fulguration, local excision, et cetera. The simple plantar wart should not receive any 
form of treatment resulting in a plantar scar which is subjected to pressure from an overlying metatarsal head. 

Conservative local excision has resulted in failure. In due time, the healed incision is associated with the 
accumulation of painful scar tissue. It is important, therefore, to avoid a predisposition to such scar forma- 
tion, without at the same time removing the underlying bone that gives rise to constant pressure on the 
overlying scar. 

Dr. Dickson has presented a logical operative procedure for permanent relief from pain and disability 
due to intractable plantar warts. The duration of pain and the disability and expense caused by these lesions 
would invariably minimize the significance of radical therapy which assured elimination of these major 
difficulties. The absence of the metatarsal head eliminates the cause for a painful sear. 

I should like Dr. Dickson to tell us the duration of time preceding operation on these patients. 

Dr. Dickson has made a worth-while contribution and has given evidence which should stimulate the 
practice of this operative procedure. I believe that patients will accept his procedure and be very grateful for 
their freedom from long-prevailing pain and disability. 


Dr. JAMes E. M. Toomson, LincoLn, NEBRASKA: The important point Dr. Dickson has made, which 
was amplified by Dr. Schwartz, is that, in dealing with these conditions, we are applying well-known prinei- 
ples. To remove a corn and have a satisfactory result, one must take out the underlying bony prominence 
responsible for the skin pressure. To remove metatarsal calluses, the same thing has to be done. It would seem 
all right to remove one toe and its metatarsal in the treatment of a single bothersome wart, but what about 
those patients who have multiple plantar warts? We see such cases quite often, and I would hesitate to re- 
move the toes under such circumstances. It has been our custom to remove the bony prominence of the 
metatarsal at the time the painful wart area is removed. Usually one can leave enough integument to cover 
the defect and get a good result. I think Dr. Dickson has shown, however, that it sometimes takes a major 
surgical procedure to handle what appears to be a minor disability. 


Dr. J. ALBERT Key, St. Louis, Missouri: It seems to me that most of the lesions which Dr. Dickson 
showed were not plantar warts. Plantar warts do not occur at weight-bearing points; in the fore part of the 
foot they usually occur anterior to these points. Most of the lesions shown were calluses which I would 
correct by operating upon the hammertoe or by removing the head of the metatarsal. I would not take off the 
toe and produce an incongruity between the two feet, when cure can be effected more simply. In the occa- 
sional case, it is necessary to excise the area which had been treated by roentgenotherapy. 

(Continued on page 789) 
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EOSINOPHILIC GRANULOMA OF BONE 
» ane Report oF Stx Cases 
e best 
neous BY JOSEPH L. PLATT, M.D., AND RICHARD B. EISENBERG, M.D., PHILADELPHIA, PENNSYLVANIA 
killful 
-com- From the Department of Orthopaedic Surgery and the Department of Surgical Pathology, 
Hospital of the University of Pennsylvania, Philadelphia 
nd fo 
nos In 1940, Lichtenstein and Jaffe, and Otani and Ehrlich independently described cases 
nded. having bone lesions which were granulomatous in nature and to which Lichtenstein and 
Jaffe gave the name of eosinophilic granuloma of bone. It is the purpose of this paper to 
, 10g; | report six new cases which have been observed in the Hospital of the University of Penn- 
sylvania within the past four years.* 
defects Five of the cases are summarized in Table I. Case 6 is presented in more detail, as it 
- illustrates the benign nature of the lesion and the results of conservative treatment. In 
yeriea, | this case, the diagnosis of eosinophilic granuloma was suspected prior to biopsy. 
Case 6. P. H., a white male, fourteen years old, was admitted to the Hospital of the University of 
Pennsylvania on April 9, 1946, because of an enlargement over the right mandible and roentgenographic 
which evidence of destructive lesions in the skull, right mandible, and right femur. 
warts In September 1944, eighteen months before admission, the patient had begun to complain of aching 
pain in the right hip, occurring at night. The pain did not occur while he was walking. Roentgenograms of 
ion of the hip were negative. In January 1945, repeated roentgenographic study revealed, in the neck and inter- 
5 COM- trochanteric region of the right femur, numerous small, irregular, and confluent cystic areas with some ac- 
antar centuation of the trabeculations in the less involved adjacent areas. There was slight cortical thickening, 
© any indicating a periosteal reaction. The changes involved the epiphysis of the greater trochanter (Fig. 5-B). 
head. Laboratory studies were as follows: 
th the 
wee Red blood cells 5,200,000 
= ie Hemoglobin 97 per cent. 
White blood cells 8,900 
bility Polymorphonuclear neutrophils 75 per cent. 
sheen Lymphocytes 22 per cent. 
najor Eosinophils 3 per cent. 
Sedimentation rate Markedly increased 
In February 1945, the boy was seen as an ambulatory patient in the Department of Orthopaedic Surgery. 
e the Pain had not occurred during the preceding three weeks, and he had no new complaints. Examination re- 
ul for vealed an undernourished boy with poor posture. There was slight tenderness over the greater trochanter on 
the right, and some limitation of hip motion. The lesion was thought to be a cyst, but the possibility of 
; tuberculosis was also considered. Because of recent clinical improvement and since roentgenograms indicated 
rhich that the hip was mechanically secure, it was decided to observe the patient. 
rincl- In the first week of April 1945, a cystic lesion, tender to pressure, developed in the left frontal region 
ence of the sealp. Roentgenograms of the skull showed a large area of sclerosis, with scattered osteolytic defects, 
seems in the superior portion of the left frontal bone. The normal diploic and trabecular pattern was accentuated 
bout in the sclerotic areas and irregularly preserved in the osteolytic areas. Two months later, the mass was some- 
0 re- what larger and fluctuant. It overlay a crater-like skull defect. Roentgenograms revealed a marked increase 
| the in the osteolytic reaction and an area of mottled bone destruction, four by five centimeters in size, 
tue without surrounding bone reaction. By September 1945, the mass had disappeared and no skull defect could 
1ajor be palpated. In November 1945, another mass appeared in the scalp and ran much the same course as the 
first lesion. Figure 5-A shows the roentgenographic appearance of the skull lesion in January 1946. Roent- 
genograms of the right femur at this time showed less bone destruction, with considerable filing in of the 
kson cystic areas. 
f the During the time of observation, from February 1945 until March 1946, the patient had no complaints 
= and attended school regularly. He maintained his weight 
be * Cases 1, 2, and 3 were treated in the Department of Neurosurgery, and are reported by permission of 
Francis C. Grant, M.D. Cases 4, 5, and 6 were treated in the Department of Orthopaedic Surgery, and are 
reported by permission of Paul C. Colonna, M.D. iy |? studies were made in the Department 
of Surgical Pathology, under the direction of Robert C. Horn, M.D. é 
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The patient was admitted to the Hospital on April 9, 1946. During the three weeks just prior to admis- 
sion, a mass developed over the angle of the right mandible. Although this had been soft at first, it had now 
become firm. Movement of the jaw was limited and painful. 
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Case 2. A: Roentgenogram (May 26, 1944) shows an osteolytic defect with slight variation in the 
involvement of the inner and outer tables in the right frontal bone. There is no eburnation of the mar- 
gins. The defect underlies a cystic tumor mass. 

B: Gross specimen shows a circle of resected skull, enclosing a soft granulomatous mass. 





Fig. 2 





Fia. 3 


Case 4. A: Roentgenogram of the left clavicle (March 29, 1946), showing a cystic defect in the lateral 
third with an incomplete, transverse pathological fracture. The cortex is thickened and there is callus 
formation at the fracture site. 

B: In the gross specimen, the resected lateral third of the clavicle has been sectioned longitudinally. 
A soft, yellow-tan, granulomatous tissue projects from the cut surface. The specimen illustrates the 
destructive nature of the lesion. 
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The patient, although thin and pale, was active and alert and did not appear acutely ill. The recta! 
temperature ranged between 99.6 and 100 degrees. There was a firm, soft-tissue mass, about two inches in 
diameter, situated over the angle of the right mandible and extending to the temporomandibular joint. The 
mass was firmly fixed to the deep structures, but not adherent to the skin. It was slightly tender. The jaw 
could be opened one inch. Examinations of the skull and hips were negative. There were no abnormal 
neurological findings. 

Laboratory studies were as follows: 


Hemoglobin 72 per cent. 
White blood cells 6,200 

Polymorphonuclear neutrophils 63 per cent. 

Lymphocytes 37 per cent. 
Blood cholesterol 252 and 219 milligrams per 100 cubic centimeters 
Serum calcium 11.4 and 10.7 milligrams per 100 cubic centimeters 
Inorganic phosphorus 5.3 and 4.6 milligrams per 100 cubic centimeters 
Acid phosphatase 0.3 Shinowara unit 
Alkaline phosphatase 10.8 Shinowara units 





Fia. 4 


Case 5. A: Roentgenogram of the femur (June 29, 1946) shows an osteolytic defect, measuring 1.5 by 2.5 
centimeters on the film, in the proximal third of the shaft. There is irregular preservation of the surround- 
ing trabeculation. No significant sclerosis of the bone is present, but the cortex is thickened and multiple 
layers of an “onionskin” type periosteal reaction are seen over a ten-centimeter zone of bone. No reactive 
cuff of bone is present at the margins of these layers. 

B: Photomicrograph (X 540) of section made from tissue obtained by curettement. There are numerous 
macrophages and eosinophils. Some of the macrophages contain granules in their cytoplasm, suggesting 
ingestion of eosinophils. 
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Urinalysis, including an examination for Bence-Jones protein, was negative. A blood serological test for 
syphilis was negative. 


Roentgenographic Studies 

A bone survey showed only one new lesion. This was an irregular area of bone destruction, measuring 
one by two centimeters on the film, at the angle of the right mandible. The osteolytic process in the skull 
showed marked regression ; however, a large part of the frontal bone, especially on the right, showed mottling 
with numerous small osteolytic areas, having a tendency to coalesce; some measured seven millimeters in 
diameter. There was no surrounding bone reaction. The process in the upper portion of the right femur also 
showed marked regression with filling in of the cystic areas in the greater trochanter, but a large area of 
mottled denser bone was still left in the neck and upper shaft. 


Diagnosis 


The clinical diagnosis was eosinophilic granuloma or Schiiller-Christian disease. 


Operation (performed by Dr. Colonna) 

On April 18, 1946, an incision was made over the tumor mass. On splitting the right masseter musele, 
a fairly large cavity, containing a poorly organized blood clot, was found. A curette was inserted, and came 
into contact with hard cortical bone; no definite cavitation could be found in the bone. The bone in this area 
was curetted and sent to the pathology laboratory. A specimen, including soft tissue, was also sent to the 
laboratory for bacteriological examination. This was later reported as negative for micro-organisms, including 


fungi. 


Pathologist’s Report 

The intertrabecular areas not involved in fibrosis were the site of a richly cellular infiltration, composed 
chiefly of large mononuclear cells in which multinucleated giant cells and eosinophils were very conspicuous 
The diagnosis was eosinophilic granuloma (Fig. 5-C). 


Progress 

The postoperative course was uneventful, the wound healing by first intention. On May 2, 1946, roent- 
genotherapy was begun. Treatment was given to the frontal region, right jaw, and right hip. At the time of 
discharge, on May 7, 1946, enlargement of the jaw had subsided and the patient was able to open his mouth 
fully without discomfort. 

The patient was seen again on October 23, 1946. He was in good health, was gaining weight, and had no 
complaints. No new masses had developed. Roentgenograms showed almost complete regression of all the 
lesions. When he was seen in January 1947, he had gained weight and had remained asymptomatic. Follow- 
up roentgenograms, on November 14, 1947, showed a few small areas of decreased density in the occipital 
region of the skull. The patient had no symptoms. A small amount of radiation therapy (300 r) was given 
The old lesions remained healed. 

DISCUSSION 

Laboratory studies, although not complete for every case, were not helpful in making 
a diagnosis. The non-specificity of laboratory studies is, in itself, of some aid in diagnosis. 
As can be surmised from the case reports, the actual diagnosis rests upon histopathological 
study. 

In discussing therapeusis, it must be borne in mind that we are dealing with a condi- 
tion which has a strong tendency toward healing. This is apparent, in view of the uni- 
formly good results following a variety of therapeutic measures. 

Our experience indicates that some beneficial results may be expected from roent- 
genotherapy. In both Case 1 and Case 6, roentgenotherapy was followed by marked im- 
provement. In Case 6, although spontaneous regression had been noted in lesions of the 
femur and skull, a new lesion appeared in the mandible, seventeen months after the onset 
of the initial symptoms. Symptoms resulting from this latter lesion rapidly disappeared 
after biopsy and irradiation. Whether the rapid clinical improvement was due to the 
biopsy, to irradiation, to a combination of the two, or whether it was coincidental, cannot 
be ascertained. Solomon and Schwartz have reported rapid clinical improvement following 
biopsy without irradiation. In Case 5, healing occurred after curettement. 

Roentgenotherapy was administered in Case 1 and Case 6 with factors of 200 kilo- 
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Fia. 5-A Fig. 5-B 


Fig. 5-A: Case 6. Roentgenogram of skull (January 5, 1946) shows several large osteolytic de- 
fects, involving both inner and outer tables, and numerous smaller defects, with tendency to con- 
fluence. No sclerosis is present. 

Fig. 5-B: Roentgenogram of upper portion of femur (January 29, 1945), showing mottled bone 
destruction in the neck and upper shaft, with extension across the epiphyseal plate of the greater 
trochanter and cystic lesions in the trochanter. There is local sclerosis of bone and accentuation of 
the normal trabeculation. 





Fig. 5-C 


Photomicrograph (X 300) of mandibular lesion from the same case. Numerous large mononuclear 
cells, together with large numbers of eosinophils, make up the bulk of the tissue. Multinucleated 
giant cells are a conspicuous feature. 


volts, 15 milliamperes, 0.5 millimeter copper and 1 millimeter aluminum filtration, a half- 
value layer of 1 millimeter of copper, and a 50 centimeter distance, a 9 or 12 centimeter 
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circular portal being used. These patients received doses of 100 to 200 roentgens daily or 
on alternate days, for a total of 1,500 r in Case 1; in Case 6, 900 r were given to the right 
jaw, 800 r to the right frontoparietal area, and 800 r to the upper portion of the right 
femur. The other patient, Case 3, was treated with factors of 135 kilovolts, 8 milliamperes, 
0.25 millimeter copper and 1 millimeter aluminum filtration, a half-value layer of 9 
millimeters of aluminum, and a 25 centimeter distance, a 20 centimeter circular portal 
being used. Doses of 50 r were administered daily until a total of 300 r had been given, 
These doses are those measured in air roentgens at the end of the treatment cone. No 
patient showed any ill effects from the treatment. In Case 1, local loss of hair took place 
for a few months. With the exception of the study by Hamilton and his associates, reports 
indicate that roentgenotherapy is followed by bone regeneration (see Case | in this series), 
The most effective dose and the rate of administration have not been determined. How- 
ever, healing may also take place in the absence of any definitive treatment. 

Wide surgical excision, as was carried out in Case 2, does not seem justified. Our ex- 
periences at the Hospital of the University of Pennsylvania, together with the information 
gained from an analysis of the reported cases, suggests that surgery in suspected cases of 
eosinophilic granuloma of bone might well be limited to that necessary to secure an ade- 
quate biopsy or to relieve local pressure in skull lesions, and that, after the diagnosis has 
been established, this should be followed by radiation treatment of all lesions. 
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EXPERIMENTAL DEGENERATION OF THE SUPRASPINATUS TENDON * 


BY CHARLES LAIRD WILSON, M.D., C.M., F.R.C.S. (c.) T, ST. LOUIS, MISSOURI 


From the Department of Surgery, Washington University School of Medicine, St. Louis 


The pathology of rupture and degeneration of the supraspinatus tendon in humans 
has been described in a previous publication’. It has been shown that a characteristic 
type of degeneration precedes and leads to rupture of the tendon. There has been much 
speculation concerning the cause of this syndrome. Many surgeons believe that rupture 
usually occurs in a tendon which has undergone degeneration and has then been subjected 
to trauma! *®*'°, To explain the degeneration, some authors * ** have postulated a 
senile change, but have gone no further. Others | '° have suggested the possibility of de- 
terioration of the vascular supply. The change has also been called a ‘‘sclerosization”’ ’. 
It has been shown that characteristic, microscopic, degenerative changes make their first 
appearance relatively early in adult life and increase with age®. The purpose of this paper 
is to describe the experimental production of these pathological changes in the supra- 
spinatus tendons of rabbits. 

The various stages in the development of the degenerative lesion in the human supra- 
spinatus tendon are as follows: The earliest histological evidence of degeneration, which 
can be observed in sections stained with hematoxylin and eosin, is a loss of the normal 
wavy outlines of the collagen bundles of the tendon. These become straighter and tend 
to merge with each other, so that individual fibers and bundles are blended, and the struc- 
ture of the tendon becomes homogenous in appearance. The homogenous areas stain less 
deeply with eosin than do the normal portions. The nuclei of the connective-tissue cells 
lose their normal arrangement and configuration and become distorted. As the degenera- 
tion proceeds, the homogenous areas break up and fray, and have an oedematous, fibril- 
lated appearance. An increase in the number of blood vessels supplying the degenerated 
areas is observed concurrently with this change’. 


MATERIALS AND METHODS 


Both shoulders of twenty-four rabbits were operated upon with the exception of two 
shoulders which were used as controls. An incision 2.5 to 5 centimeters long (one to two 
inches) was made over the tip of the shoulder. The deltoid muscle was split, and the 
roof of the subdeltoid bursa was incised, exposing the supraspinatus tendon on the 
floor of the bursa. The tendon was then traumatized close to its insertion into the humerus. 
The method generally used was to cut the tendon with a scalpel point in a crisscross 
fashion to a depth of 1 to 1.5 millimeters. Blood was allowed to ooze into the wound, and 
then the cut area was crushed between the jaws of a hemostat for a few seconds. The 
incision was then closed in layers. Fine black silk was used throughout. At intervals vary- 
ing from forty-two to one hundred and eleven days, these shoulders were re-opened 
through the previous scars, and the bursae were explored. Sections of the supraspinatus 
tendon were taken for microscopic study. These comprised the full thickness of the supra- 
spinatus tendon from its junction with the muscle to its insertion into the humerus. At 
this time, sections of the supraspinatus tendons were taken as controls from the two 
shoulders which had not been operated upon. All specimens were preserved in formalin 
and were stained for microscopic study. 

OBSERVATIONS 

The normal subdeltoid bursa in rabbits was found to be lined with a smooth, glisten- 

ing synovial membrane. Its diameter was usually 1 to 1.5 centimeters. As in humans, 


* This study was aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
t Fellow in the Medical Sciences of the National Research Council. 
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the short rotator cuff showed no line of demarcation between the tendons, which were 
blended into a smooth sheet of tendon tissue as they approached their insertion into the 
humerus. There were no gross or microscopic differences observed between the structure 
of human and rabbit tendons. 

All wounds healed by primary intention. Of the forty-six shoulders which were re- 
opened, there was complete obliteration of the bursa by scar tissue in five. Seventeen 
bursae were not obliterated but showed dense adhesions; nineteen showed fine adhesions; 
and five were normal to gross examination. No instances of rupture of the supraspinatus 
tendon were observed. 

Microscopic Observations 

In the normal, control tendons (Fig. 1) the microscopic appearance was the same 
as observed in normal human tendons. The collagen bundles were discrete and had a 
wavy appearance. The fibroblasts were lying between the individual collagen bundles 
with the long axes of their nuclei parallel to the bundles. The number of blood vessels 
Was minimal. 

In the experimental tendons, various degrees of degeneration were noted. The first 
change observed was a loss of the normal wavy outlines of the collagen bundles, which 
soon assumed a homogenous appearance. The nuclei of the fibroblasts became slightly 
more oval, and were deranged so that their long axes were not so noticeably parallel to 
the collagen bundles (Fig. 2). The next change observed was a more complete loss of the 
normal tendon structure. This consisted in a disappearance of the discrete collagen 
bundles and the formation of a loose oedematous-appearing tissue in which a few loose 
strands of the collagen bundles could be seen. The nuclei of the fibroblasts were shrunken 
and pyknotic, and lay with no apparent polarity (Fig. 3). This change has been termed 
“early fibrillation’. Nowhere was there observed the marked fibrillation seen in ruptured 
human tendons. Along with these changes, there was an increase in the number of blood 
vessels in the tendon structure (Fig. 4). 

Of the forty-six traumatized tendons, forty (87 per cent.) showed a homogenous 
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appearance with loss of the normal collagen waves, eighteen (39 per cent.) showed early 
fibrillation of the tendon structure, and twenty-two (48 per cent.) showed an increase in 
the number of blood vessels in the tendon. In all instances, the degenerated portions of 
the tendon stained a lighter pink with eosin than the normal areas. 

These areas of degeneration did not necessarily involve the whole tendon. Normal- 
appearing tendon structures could often be seen bordering the degenerated areas. This 
corresponds to the observations made in human tendons, where normal tendon structures 
have been found in ruptured tendons. 

There were no definite calcium deposits observed, but in three sections there were 
areas which stained a deep blue with hematoxylin, suggesting the beginning of calcium 
deposition in the tendon. 


COMMENT 


It has been demonstrated ® that, in the case of the human shoulder joint, increasing 
age and mechanical use are important factors in causing the degeneration of the supra- 
spinatus tendon which leads to rupture. Both the degenerative changes in the tendon and 
the incidence of rupture increase with advancing years, and both occur with unexpected 
frequency in persons who have done heavy manual labor. There has been much specula- 
tion upon the cause of the changes in the tendon. They have been attributed to mechani- 
‘al compression, attrition, ischaemia, and old age. It is evident that trauma enters into 
all of these supposed etiological factors. 

This study demonstrates that a single trauma can produce a type of degeneration 
indistinguishable microscopically from the degeneration which is observed in a human 
supraspinatus tendon which has undergone either partial or complete rupture. There is 
the same loss of the wavy configuration of the collagen bundles, the same homogenous 
appearance, the same pale-pink staining of the damaged areas with eosin, and the same 
increase in the number of blood vessels found in the degenerated tendon. In the rabbit 
sections, there was early fibrillation, but not the marked fibrillation seen in the human 
tendons. There is no reason to suppose that this difference is other than one of degree. 
Perhaps more time or repeated traumata are required to produce this further change. 
A slight but definite increase in the evidences of degeneration was observed as the time 
which had elapsed between the trauma and the biopsy increased. This was an average in- 
crease only, since all of the signs of degeneration could be found in some of the sections 
taken earlier. 

The period of time during which these cases were followed was not long enough to 
expect any associated rupture of the supraspinatus tendon to occur, especially since the 
rabbits were caged most of the time,—thus discouraging any great physical activity. 
The changes described, however, are those associated with and believed to precede rup- 
ture of the human supraspinatus tendon. It has also been shown that human tendons 
which show these signs of degeneration have a diminished tensile strength, which renders 
them liable to rupture under a stress that would leave a normal tendon intact. 

Eight of these cases were followed longer than 100 days. There was no evidence of 
the signs of degeneration being reversible, other than the increased blood supply. It is 
not suggested that, in all the human cases of tendon degeneration with subsequent rup- 
ture, a single trauma is responsible, since many tendons showing these degenerative signs 
have not ruptured, and since in humans the process may be reversible to a certain extent, 
over a long period of time. It is suggested, however, that oft-repeated traumata may make 
the degenerative lesions permanent and more severe. This is borne out by the increased 
incidence of both degeneration and rupture of the supraspinatus tendons in humans with 
advancing age and with heavy manual labor. 

That calcification may occur following trauma to a tendon is suggested by the areas 
which stained a deep blue with hematoxylin. 
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SUMMARY AND CONCLUSIONS 


1. The supraspinatus tendon was traumatized in forty-six rabbit shoulders. These 
tendons were examined at intervals varying from forty-two to one hundred and eleven 
days. 

2. When the shoulders were re-opened for biopsy, only five of the subdeltoid bursae 
had a normal appearance; nineteen showed fine adhesions; seventeen showed dense adhe- 
sions; and five were completely obliterated. 

3. Some of the evidences of tendon degeneration observed in either partially or 
completely ruptured human supraspinatus tendons were reproduced in the supraspinatus 
tendons of rabbits by a single trauma. 

t. The microscopic evidence of tendon degeneration was a loss of the normal wavy 
configuration of the collagen bundles, the homogenous appearance of the tendon, a 
cha ge in the character of the staining properties, an increase in the number of blood 
vessels observed, and the loose, oedematous, fibrillated appearance of the degenerated 
tendons. This fibrillation was not so marked as that observed in human tendons which 
had ruptured. 

5. Of the forty-six tendons, 87 per cent. showed a loss of the normal wavy configura- 
tion of the collagen bundles and, instead, had a homogenous appearance, 39 per cent. 
showed early fibrillation, and 48 per cent. showed an increase in the number of blood 
vessels supplying the tendon. 

6. It is concluded that the degeneration observed in the human supraspinatus 
tendon is caused by trauma incurred during the life of the individual. 


Acknowledgement is made to Dr. J. Albert Key for his valuable criticism and help in the preparation 

of this work, and also to Mr. Duane Taylor for his assistance in performing the operations and to Mr. k. 

Cramer Lewis for his photography. 
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MYXOCHONDROSARCOMA OF THE TALUS 


BY H. PAUL LONGSTRETH, M.D., PIO BLANCO, M.D., AND SAMUEL SANES, M.D. 
BUFFALO, NEW YORK 


From the Departments of Orthopaedic Surgery and Pathology, Edward J. Meyer 
Memorial Hospital and University of Buffalo Medical School, Buffalo 
Primary malignant tumors of the talus are rare. Ten cases '~**~*, described in 
detail, have been collected from the available literature of the past fifty vears. Four of 
these (one reported by Giuntini and three by Geschickter and Copeland), are cases of 
myxochondrosarcoma. The authors’ purpose is to describe an additional case of myxo- 
chondrosarcoma in a man, sixty-two years old, and to summarize the published reports of 
primary malignant tumor of the talus. 


CASE REPORT 


N. G. (No. 410918), a white man, sixty-two years old, was admitted to E. J. Meyer Memorial Hospital 
on June 27, 1944, because of swelling and pain in the right ankle. 

The history disclosed that, in May 1942, the patient tripped while at work and injured his right ankle, 
with resultant pain and swelling. He was told that he had incurred a sprain. Rest and soaking did not relieve 
the pain, which was sharp, knifelike, and throbbing; the swelling progressed. The pain was made worse by 
motion. 

In July 1942, the patient had been admitted to another hospital. On examination, the medial side of the 
right ankle, in the region of the head of the talus, showed a hard mass which extended from the ankle joint 
forward to the talonavicular joint. Motions of the ankle joint were limited; pronation and supination were 
practically absent. Roentgenograms revealed a tumor on the superficial surface of the talus, extending into 
its neck. There was bony destruction of the superior border of the talus with invasion of the overlying soft 
tissue. On the basis of a biopsy examination, a diagnosis of chondrosarcoma was made. From 1942 to 1948, 
the patient received roentgenotherapy, a total skin dosage of 5,700 r to the right foot in two courses. 

In May 1944, the skin on the right foot and on the lower part of the right leg was found to be pigmented. 
The dorsum of the foot presented a fluctuant mass. Roentgenograms showed no essential change in the bone. 
The patient complained of pain in the ankle, but he refused operation. 

On admission to this Hospital, in June 1944, the patient complained of pain and swelling in the right 
ankle. The swelling, which was chiefly on the dorsal surface, felt fluetuant. Motions of the ankle were limited. 
The overlying skin was warm; it was brown in color. Roentgenograms * (Fig. 3) showed marked cystic 
changes throughout the entire talus; an eggshell-like structure, three centimeters in diameter, was visible in 
the soft tissue above the anterior margin of the talus. The lungs were free from metastases. On July 15, 1944, 
a Gritti-Stokes amputation of the right leg was performed under spinal anaesthesia. 


Surgical Specimen 

Gross Description: The specimen consisted of the right leg and foot. Over the area of the talus and 
navicular, the foot was swollen and the tissue was fluctuant. The skin was pigmented a deep brown, and was 
marked by prominent veins. The biopsy scar was present. Sagittal section (Fig. 4) showed that the bony 
architecture of the talus had been completely replaced by a gray-blue, friable, translucent, lobulated pseu- 
docystic tumor, The articular cartilages of the talus and tibia had been destroyed anteriorly and superiorly by 
invading tumor, and the joint had been obliterated. The tumor had also invaded the soft tissue of the foot 
at the talotibial junction, to form a pseudocystic hemorrhagic mass, 5 by 2.7 centimeters in size, correspond- 
ing to the swelling noted externally. The mass lay beneath the skin; it extended from the talotibial junction 
downward over the dorsal surface of the navicular and over one-half of the dorsal surface of the cuneiform. 
The articular cartilage of the talus posteriorly was destroyed by tumor, and there was invasion of the 
posterior tip of the tibia, the superior portion of the calcaneus, and the soft tissue, making a pseudocystic 
mass, 2.5 by 3 centimeters. The tumor destroyed the cartilage of the talus anteriorly and inferiorly, with 
obliteration of the talocaleaneonavicular joint for a distance of 2.8 centimeters. 

Microscopic Description: The marrow spaces were filled by a myxochondrosarcoma. Tumor cells were 
few in number, and they varied in shape and size; some lay in the spaces. The intercellular substance, in part, 
appeared like mucin when treated with blue stain; in certain areas, it took a pink stain, like hyaline cartilage. 
The vessels were dilated. Oedema and pseudocystic formation were present. Focal calcification had oe- 
curred. Septa of connective tissue divided the tumor. No osteogenesis could be made out. Preformed bone 


* Interpreted by G. N. Scatchard, M.D. 
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Fic. 1 Fic. 2 


Lateral aspect of foot. Medial aspect of foot, showing biopsy scar. 





Fig. 3 Fia. 4 


Roentgenogram showing changes in talus Sagittal section of foot, showing tumor of talus with 
and overlying tissue. invasion of adjacent joints and overlying tissue. 


showed destruction with giant cells between the tumor and the bone. The tumor penetrated the articular 
cartilage and invaded the overlying tissue, where its character was similar to that in the bone. Hemorrhage, 
and regressive and myxomatous changes, however, were more prominent. The skin revealed slight hyper- 
keratosis and oedema of the epidermis. In the corium the glands were atrophic, and surrounded by oedema. 
There was a moderate deposit of melanin. The connective tissue was hyalinized. Focal inflammation was 
seen, with infiltration of plasma cells and round cells. The perineural tissues were thickened. The muscle 
fibers were atrophic, and interstitial oedema and fibrosis were present (Figs. 5 and 6). 
Postoperative Course 

The stump healed without difficulty. No recurrence of the tumor was observed during follow-up examina- 
tions. Occasionally the patient complained of epigastric distress. In serial roentgenograms of the chest, the 
right apical area showed the development of a marked increase in density, with formation of a cavity. Tuber- 
culosis was suspected. A metastatic tumor was not reported in the lungs. Hemoptysis appeared late in 1945. 
On November 2, 1945, the patient cut his throat with a jackknife. The lacerations and hypopharyngeal 
fistula were repaired, and a tracheotomy was done. On November 19, the patient died. 


Postmortem Examination 


An autopsy was performed on November 21. The findings indicated a well-healed stump following 
Gritti-Stokes amputation of the right leg for myxochondrosarcoma of the talus; metastatic chondrosarcoma 
of the upper lobe of the right lung with a few small nodules; abscess of the right upper lobe with thrombosis 
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of the vessels; laceration of neck, severance of epiglottis, and external hypopharyngeal fistula, following 
attempted suicide; evidence of surgical repair of the lesions just mentioned and of tracheotomy; purulent 
tracheobronchitis and bronchiolitis; recent bronchopneumonia; chronic peptic ulcer of the duodenum: 
arteriosclerotic scarring of the kidneys; glandular hyperplasia of the prostate; and slight interstitial fibrosis 
of the pancreas. 


SUMMARY OF FINDINGS 


The clinical, roentgenographic, and pathological findings in eleven cases of myxo- 
chondrosarcoma are briefly summarized in an attempt to present an inclusive picture of 
the lesion. 

The ages ranged from eleven to sixty-two years; three patients were in the second 
decade, three in the third decade, three in the fourth decade, one in the sixth decade, and 
one in the seventh decade. Eight of the patients were males; three were females. 

The patients complained that symptoms had been present for periods of from one 
month to four years. In eight cases, the duration of symptoms was less than one year, 
Six patients believed that their symptoms were related to a preceding injury. All com- 
plained of pain and swelling or a mass in the ankle. 

Physical examination disclosed swelling of the foot, chiefly on the anterior dorsal 
surface of the ankle, occasionally with a palpable mass. Other physical signs included 
pain, tenderness, and fluctuation of the swelling; limitation of movement of the foot; 
dilatation of the veins in the overlying skin; and atrophy of the affected leg. The right 
and left ankles were involved in the ratio of five to four. 

Roentgenograms were taken in eight cases. Positive findings for tumor were present 
in five **, including the case presented here. In our case and in three others, biopsy 
examination permitted a pathological diagnosis of the type of tumor *%:* 

When the clinical and roentgenographic impression had been recorded, a tumor was 
finally diagnosed in six cases. The lesion was confused with a ganglion in one case *, with 
tuberculosis in one case ', and with fracture in one case 2. 

Astragalectomy was done in three cases '*:’; the leg was amputated in seven cases, at 
various sites ***.7-5; and curettage was done in one case * in which amputation apparently 
had been refused. 

The pathological diagnoses included osteogenic sarcoma in three cases ':; myeloid 
sarcoma in one °; giant-cell tumor, probably malignant, in one *; myxochondrosarcoma in 
five **, including the case reported here; and fusiform-cell sarcoma in one ?. 

Davidson and Kurtz’s patient (giant-cell tumor with probable malignant change) 
received postoperative roentgenotherapy. Preoperative roentgenotherapy was given in 
the case of chondrosarcoma reported here. 

Six patients, seen from two and one-half months to five years after operation, had no 
demonstrable recurrences or metastases. Recurrence was noted in the patient with 
primary chondrosarcoma, where only curettage had been allowed *. One patient with 
chondrosarcoma * died three years after amputation with metastases to other bones; in the 
case described here, pulmonary metastases were revealed at autopsy, seventeen months 
after amputation. 

DISCUSSION 

The patient reported here (sixty-two years of age) was the oldest in whom a tumor 
had been described. Pathologically, this patient represented the fifth case of chondro- 
sarcoma. In an excellent review of chondrosarcoma, Lichtenstein and Jaffe stated that 
this tumor should be differentiated from osteogenic sarcoma for anatomical, clinical, and 
prognostic reasons. Chondrosarcomata may be of the peripheral type or, as in our case, 
of the central type. The belief of Lichtenstein and Jaffe that local trauma is probably not 
a factor in the initiation of chondrosarcoma or in malignant transformation of enchon- 
droma or osteochondroma had to be evaluated in regard to the medicolegal problem which 
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Fie. 5 


Chondrosarcomatous tissue in marrow spaces (X 30). 





Fic. 6 


Myxosarcomatous area after invasion of soft tissues (X 75). 


was raised in our patient by the history of trauma. Noteworthy in this case was the 
extension of the tumor to the overlying soft parts to form a fluctuant, pseudocystic, hemor- 
rhagic mass which, with the bone destruction, gave suggestive roontgenographic evidence. 


VOL 30-A, NO. 3, JULY 1948 











778 H. P. LONGSTRETH, P. BLANCO, AND 8S, SANES 


No other patient mentioned in the literature received roentgenotherapy before operation, 
Whether this treatment had any effect upon inhibiting the growth and spread of the 
tumor, or upon producing regressive changes in the tumor, remained a matter for specula- 
tion; the radiation did not destroy the tumor. Chondrosarcoma has been thought to be 
radioresistant. 

In chondrosarcoma of one of the bones of the foot, amputation above the ankle joint 
is advised, rather than local excision. 

Our case illustrated that, as in other bones, chondrosarcoma of the talus runs a slow 
course with metastases, chiefly by way of the veins, to the lungs and heart. Our patient 
was followed for three and one-half years from onset of symptoms to death as a result of 
suicide. In no previously reported case of chondrosarcoma of the talus was an autopsy 
performed or was the patient proved to have visceral metastases. 
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LAMINAGRAPHY THROUGH PLASTER CASTS IN POSTREDUCTION 
ROENTGENOGRAPHY OF CONGENITALLY DISLOCATED HIPS 


BY BERNARD 8. EPSTEIN, M.D., BROOKLYN, NEW YORK 
From The Jewish Hospital * of Brooklyn 


A vexing problem often encountered by orthopaedic surgeons concerns the alignment 
of the femoral head and acetabulum, after reduction of congenital dislocation of the hip 
and fixation of the limb in a plaster cast. Overexposed roentgenograms, taken with the 
use of the Bucky diaphragm, have for the most part been inadequate. This difficulty can 
be surmounted by the use of laminagraphy. 

Our present technique, carried out with the use of the Kieffer laminagraph, employs 
a five-turn spiral motion, 150 milliampere-seconds, 55 to 60 kilovolts, target-film distance 
of 30 inches, and parspeed screens. Sometimes the five-second exposure is too long for the 
patient to be kept quiet, but, if the examination is performed while the child is anaesthe- 
tized, this difficulty may be overcome. Otherwise, a two-second exposure with two spiral 

* Radiologic Service of M. G. Wasch, M.D. 
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turns is made, the kilovoltage or milliampere-seconds being raised to compensate for the 
diminished exposure. , 

It is advisable to make a preliminary laminagram, based on an estimation of the 
height of the hips from the table top. Inspection of the wet film will determine whether 
or not the proper plane is in focus, and succeeding exposures can be made, as necessary. 
In infants examined at this Hospital, the hips were usually brought into sharp focus at 
from 4.5 to 6 centimeters from the table top. Occasionally, the femora will be so fixed that 
they are in slightly different planes. Separate exposures are then required, each thigh 
being positioned so that the hip and femur lie parallel to the cassette. Attendants holding 
the child should wear lead rubber gloves. 

Laminagraphy is a useful adjunct to roentgenographic examinations of patients with 
plaster casts. The elimination of superimposed shadows makes it possible to examine bony 
structures more accurately than can be done on routine roentgenograms. 


REFERENCES 
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Epstein, B. S., and Kuticx, Max: The Use of Body-Section Radiography in Some Orthopedic Problems. 
Radiog. and Clin. Photog., 21: 34-36, 1945. 
Kierrer, JEAN: The Laminagraph and Its Variations. Applications and Implications of the Planigraphiec 
Principles. Am. J. Roentgenol., 39: 497-513, 1938. 
Analysis of Laminagraphic Motions and Their Values. Radiology, 33: 560-585, 1939. 


BILATERAL OSTEOCHONDRITIS OF THE TARSAL NAVICULAR AND 
THE FIRST CUNEIFORM 


A CasE REPORT 


BY ARCH F. 0 DONOGHUE, M.D., EDMUND S. DONOHUE, M.D., AND 
WAYNE W. ZIMMERMAN, M.D., SIOUX CITY, IOWA 


Osteochondritis has been found in most of the bones of the body. Harbin and Zollinger, 
in 1930, reviewed almost 700 articles written on the subject. To our knowledge, only one 
vase of bilateral osteochondritis of the tarsal navicular and the first cuneiform has been 
reported. Buchman, in 1933, reported two cases of osteochondritis of the first cuneiform. 
In one of his cases, there was bilateral involvement of the first cuneiform and changes in 
the tarsal naviculars, suggestive of osteochondritis. Lewin mentioned a case of osteochon- 
dritis of the second cuneiform, and Wagner reported a case in the third cuneiform. 


Case 1, A white boy, aged three, complained of slight pain in the left foot, which caused him to limp. 
His parents brought him for examination on March 28, 1946. His past history and a complete inventory of 
his symptoms were essentially negative. Physical examination revealed a well nourished boy with no evidence 
of disease in the back, hips, knees, or feet. Roentgenographic examination showed that the first cuneiforms 
of both feet had a fragmented, moth-eaten appearance. The right tarsal navicular was shown to be developing 
from two tiny centers of ossification; the left was developing from one (Fig. 1). 
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Peat 





Fic. 1 Fic. 2 

Fig. 1: Roentgenogram, March 28, 1946, showing early bilateral osteochondritis of first cuneiforms. 

Fig. 2: Roentgenogram, March 20, 1947, showing osteochondritis of first cuneiforms and naviculars 

of both feet. 

The patient’s feet were fitted with Whitman plates. He was seen occasionally thereafter. On March 20, 
1947, one year after his first examination, roentgenograms showed that the condition in the cuneiforms had 
improved, but was still present. In addition, both tarsal naviculars showed evidence of fragmentation. They 
were not yet completely ossified (Fig. 2). Supportive plates were continued. 


COMMENT 


Primary osteochondritis involves the primary ossification centers; secondary osteo- 
chondritis involves the secondary centers, epiphyses and apophyses. The involvement of 
more than one bone by the osteochondritic process is not uncommon. In one of Kéhler’s 
first cases, described in 1908, there was involvement of the navicular and the patella. This 
multiplicity of bone involvement suggests some systemic factor as an etiological agent. 
The etiology is yet to be proved. Trauma, which is too often considered the cause of any 
disease of unknown etiology, probably plays an insignificant role. Since the disease is 
self-limiting and does not require surgery, there is a scarcity of pathological material from 
early cases of primary osteochondritis. Supportive treatment is all that is indicated. 
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ANVIL FOR BONE SURGERY 


BY STERLING BUNNELL, M.D., SAN FRANCISCO, CALIFORNIA 


An essential for cutting a bone with an osteotome is to have the bone held solidly, 
in order to eliminate all yield as the tool cuts. The mechanic places a heavy weight, or 
anvil, behind the piece to be cut, so that the inertia of the hammer is neutralized by the 
inertia of the weighty anvil. 





Fic. 1 


Shows anvil which acts on principle of pull instead of push. The weight, 
held in hand, furnishes the inertia. When laid on the table, the weight serves 
as a chopping block for shaping bone grafts. 


A slender point of a conventional anvil, placed beneath the bone, gives satisfactory 
results. This requires, though, a rather free exposure of the bone, in order that the anvil 
may be thrust under from one direction and the hammer applied from another direction, 
at an angle of 90 degrees with the first. 

The anvil shown in Figure 1 was developed after long use of the type just mentioned. 
It can be used through a small exposure, and furnishes full inertia. Into an iron mass is 
screwed a long slender rod, or handle, which tapers and terminates in a hook. The hook 
is so shaped that it can slip through a small wound and curve around the bone, backing 
it up. The anvil is held firmly by an assistant. Only one retractor is needed. The inertia 
of the small hook is comparable to that of the weighted end of the anvil. Both the 
osteotome and the stroke of the hammer should exactly parallel the handle of the anvil. 
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This anvil gives just as much support to the bone as the conventional type, but it is on 
the principle of pull instead of push. The handles, threaded so as to be detachable from 
the weight, are of graded sizes, so that the hook will fit any bone from a phalanx to a femur. 


A PLASTIC OPPONENS SPLINT FOR THE THUMB 


BY JOHN E. STEWART, M.D., BOSTON, MASSACHUSETTS 
From the Orthopaedic Service, The Children’s Hospital, Boston 


A method has been developed for producing an opponens splint of plastic material, 
which utilizes the cire perdue or “‘lost-wax’’ process of casting a mold, a process known 
to the Chinese for at least two thousand years. 

A pattern is first cut from a sheet of wax, and is then molded over the hand into the 
desired shape. This wax model is then cast in plaster and boiled out (from whence the 
process gets its name of cire perdue). The resulting mold is packed with dental acrylic and 
is then heat processed. The finished product is a light, waterproof, durable splint, suitable 
for patients who are handicapped by paralysis of the opponens muscle of the thumb. 





Fia. 1 


Fig. 1: Two of the three pattern sizes used, with a five- 
centimeter rule for size comparison. 


Fig. 2: Plastic opponens splint in place upon the hand. 





The technique is not easy, but can be mas- 
tered by a technician familiar with the use of Fic. 2 
wax and plastics. This splint has been used in the 
Massachusetts Infantile Paralysis Clinic of the Boston Children’s Hospital for the past 
two years and has been found of value. Some of the original splints are still in use. 

It is hoped that presentation of this method of making plastic splints will stimulate 
additional use of plastics in the field of orthopaedic appliances. 
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BRACE FOR EXTENSION OF THE SPINE 
BY ROBERT W. AUGUSTINE, M.D., OAK RIDGE, TENNESSEE 


The purpose of this brace, which is a combination of the three-point brace and the 
Knight spine brace, is to hold the thoracic and lumbar portions of the spine at a fixed 
degree of extension. It is not intended as a means of reducing fractures of the spine. The 
brace is applicable for treatment of the ambulatory patient with a fracture of the thoracic 
or thoracolumbar area of the spine, and for the ambulatory patient with Pott’s disease or 
senile osteoporosis. It may have other applications. 

The Knight spine brace obtains a firm grip of the lumbar spine and the pelvis, and 
serves as a foundation for the application of the arms of the three-point brace. The Knight 
brace also gives lateral stability. Extension is maintained through a low abdomino-pubie 
pad and a pad over the upper portion of the sternum. The three points necessary to hold 
the spine in extension are then represented by the pubic and sternal pads and the lumbar 
Knight brace. The sternal and pubic pads are held in place by arms, extending from each 
side and connected to the lateral longitudinal bars of the Knight brace through a special 
joint (Figs. 1, 2, and 3). Extension of the spine is maintained by a turnbuckle on each side, 





Fia. 1 Fig. 2 Fic. 3 


holding the upper and lower anterior arms in extension. The arms of the three-point brace 
do not touch the body except through the pads. The Knight brace is open in back and is 
connected across the abdomen by a lacing corset. 

The complete brace weighs about three pounds and may be worn under the outer 
clothing. The two anterior arms of the three-point brace, with their pads, are easily de- 
tachable. Phe author knows of no other brace that will hold the thoracic spine in extension 
in a practical manner and yet be easily removable. 

Both the Taylor brace and the axillary crutch brace act upon the shoulder girdle, 
and are not effective in maintaining extension of the thoracic spine. The ‘‘ Walter Reed” 
brace and the ‘“‘butterfly’’ brace (essentially a Knight brace with bilateral fixed arms, 
extending to just below the clavicles, to hold the spine extended) are difficult for the pa- 
tient to get in and out of, are not adjustable, and lack the necessary pubic point of pres- 
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sure. The three-point brace, described by Baker ', is effective in patients with a stiff spine 
(Marie-Striimpell arthritis), but will not stay adjusted, in our experience, on individuals 
with a supple spine. It lacks a firm grip on the trunk. 

Difficulties with fabrication and cost have limited the use of this brace, so that the 
author’s experience with it is not extensive. It has, however, been found effective in main- 
taining extension; and its light weight, adaptability, and ventilation offer advantages 
over plaster. It has sometimes been found necessary to fix the degree of extension by lock- 
ing the turnbuckle, so that the patient will not alter the brace in order to make sitting 
more comfortable. 

Norte: This brace was produced by the author in collaboration with Mr. Charles Ross, bracemaker. 
On May 7, 1947, after this description of the brace had been prepared, a brace designed by Eugene L. Jewett, 


M.D., of Orlando, Florida, was discovered to be similar in principle and construction. The differences be- 
tween the two were sufficient, however, so that publication of this statement was considered to be justified. 


1. Baker, L. D.: Rhizomelic Spondylosis. Orthopaedic and Roentgen Therapy. J. Bone and Joint Surg., 
24: 827-830, Oct. 1942. 


MODIFICATION OF THE SMITH-PETERSEN NAIL AS USED 
WITH THE THORNTON PLATE 


BY PHILIP R. FREDERICK, M.D., EVANSTON, ILLINOIS 


Occasionally, the screw which fastens the Thornton plate to the Smith-Petersen 
nail becomes unscrewed and allows the two to separate; this often necessitates a sec- 
ond operation. To overcome this difficulty, a revision in design of the connection is 
offered, which, the author believes, will make it more 
secure. 

By this plan, the base of the flanged nail is threaded 
for two nuts. The plate is slipped over this base and 
held by two nuts which are tightened in place with a 
socket or box wrench, the second nut serving to lock the 
first. The threaded portion is drilled at a level just 
behind the nuts, so that a small wire may be inserted 
at this point to further insure against loosening (Fig. 1). 

Several advantages of this design are evident: 

1. The greater diameter of the threaded area allows 
greater surface contact of the threads and more threads 
per inch, thus making the union tighter than with a 
screw. 

2. The nuts can be fastened much tighter with a 
socket wrench than a screw can be turned with a screw 
driver. 

3. This arrangement does not interfere with bending 
the plate to obtain the exact angle desired. 

4. The wire through the shaft of the threaded U 
portion behind the nuts is a further locking measure. Fic. 1 
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GUIDE FOR DRILL OSTEOTOMY 


BY VINCENT E. LEGGIADRO, M.D., PORT CHESTER, NEW YORK 


The danger of splintering of bone and consequent loss of the desired angulation after 
osteotomy is too well known to require further elaboration. To avoid this complication, 
experienced orthopaedic surgeons now resort to the multiple-drill method, which permits 
accurate shaping of the ends and minimizes the danger of splintering. In order to simplify 
the procedure and reduce the duration of the intervention, the instrument described here 
has been adopted and found of value. 

The instrument (Fig. 1) is composed of a handle which holds, at its extremity, a 














—) 
; ( 
-) 























Fig. 1: Drawing shows instrument, five-sixths of actual size. 
A: Handle; B: Lock screw (for perforated steel block); C: Upper 
guide of drill; D: Connecting rod; E: Guide lock; F: Perforated 
block; G; Drill; H: Drill guide; K: Cross section of drill and 
guide; L: Drill chuck. 


Fig. 2: Sample of consecutive perforations made by drill 
guide. No web is left between perforations. 


circular perforated stecl block (Ff) which is placed at an 
angle of 125 degrees to improve the view of the operative 
field. This block contains a guide (H) and an adjacent 
drill (@). Both guide and drill can be 
turned in any direction, to suit the needs 
of the surgeon. 

The first hole can be made at any 
point in the bone to be severed. It is pref- 
erable to start at its center, where the bone 
is thickest, and from there to proceed in 
any direction desired, for different types of 
osteotomies. The guide is introduced into 
a hole previously made, and the depth is 
measured. By turning a knurled ring (£), Fic. 2 
the guide is locked in position, and suc- 
cessive holes are made until the entire bone has been severed. After the drill and guide 
have béen placed in position, the surgeon can manipulate the instrument with one hand 
because (1) the drill is doubly guided at its proximal and distal ends; and (2) the distance 
between the chuck holding the drill and the proximal end of the guide measures, at any 
time, the remaining depth of the bone to be perforated. There is no danger of drilling be- 





Fia. 1 
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yond the posterior wall of the bone. With this instrument, all types of osteotomies can be 
performed, especially a U or V osteotomy in a deep-seated bone; and the greatly desired 
interlocking of the fragments, to maintain an accurate position without danger of slipping, 
is possible. 

The instrument is equipped with drills of three sizes, for adaptation to the different 
thicknesses of bone to be severed. They are all provided with carbide tips, to maintain a 
constant sharpness and to reduce to a minimum the heat produced. The entire instrument, 
with its attached motor, weighs only half a pound. The drill may be driven by a small 
electric motor or by a flexible cable. 


DRIVER FOR NEUFELD NAIL 
BY GOTTLIEB S. LEVENTHAL, M.D., PHILADELPHIA, PENNSYLVANIA 


The Neufeld nail for intertrochanteric fractures has been used in almost all such 
fractures treated in the Orthopaedic Service of the University of Pennsylvania Hospital. 
After reduction of the fracture, a heavy Kirschner wire is inserted through the middle of 
the neck, the Larsen guide being used. The bottom of the V of the Neufeld nail is then 

— — , placed against the Kirschner wire and 
P the nail is driven in. 
With this method of nailing, 
proper placement of the nail is quite 
easy, but the procedure is compli- 
‘ated because the type of driver avail- 
able is so constructed that it strikes 
the end of the Kirschner wire. As a 
consequence, the wire has to be bent 
out of the way. This destroys, par- 
tially at least, the visual guidance it 
is supposed to afford. 

A driver has been constructed 
which permits the Kirschner wire to 
remain in place, and which does not 
interfere with driving the nail along 
the line of the wire. The portion of the 
Fig. 1 driver which holds the Neufeld nail is 


Neufeld nail being driven in, with Kirschner wire used 
as guide. 




















made of angle iron. To this is brazed 
a long rod, so that the rod and the V 
part of the nail are parallel when the nail is screwed to the angle part of the driver. At the 
driving end of the rod, a flanged piece of steel is brazed to afford a better driving surface. 
It can also be used as an extractor of the nail by driving on the reverse side. 
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A SIMPLIFIED SPRING BRACE FOR DROP-FOOT 


BY LYMAN SMITH, M.D., ELGIN, ILLINOIS 


In many cases of equinus deformity, whether caused by spastic or flaccid paralysis, 
or by structural changes, some type of corrective walking brace is frequently useful. The 
brace described here shows marked advantages over other types of braces being used. 

The spring brace is easily applied to any stiff-shanked shoe; the only tool necessary is 
a drill. Once the original fastening has been accomplished, the brace may be transferred 
from one shoe to another, in a few 
seconds. The brace weighs only five 
ounces, yet it is durable, for it has 
withstood the equivalent of 100,000 
miles of walking in machine tests. The 
coil spring is hidden anterior to the heel 
of the shoe, making the brace less con- 
spicuous and also lessening the possi- 
bility that the wearer’s trouser cuff 
will catch on the brace and trip him, as 
has been the case with the older type of 
brace. The spring is designed to lift 
eleven pounds. By bending the uprights 
of the brace forward or backward, the 





lifting requirements can be increased or 
decreased. The brace can be modified 





to resist a varus or valgus deformity, 
Fi. 1 as well as an equinus deformity, by 





CUTAWAY VIEW 
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FASTENING BLOCK 








Fig. 2 Fia. 3 


interposing a coil spring between one of the uprights and the medial or lateral border of 
the shoe. The saddle posterior to the calf is made without an anterior strap, so that if the 
wearer squats, the uprights will not move forward and impinge on the malleoli. 
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The splint is simple in construction (Figs. 1, 2, and 3). The uprights and the coil 
spring are made from a single piece of spring wire. The wire is welded to a pliable section 
of mild steel, padded with sponge rubber to form the saddle behind the calf. This flexibility 
is desirable so that the saddle may conform to any size of leg. The brace is attached to the 
shoe by means of a single screw, which passes through a fastening block, and is applied to a 
blind nut placed under the inner sole of the shoe (Fig. 2). The spring is attached to the 
fastening block by means of two anchor studs; the loops of the spring rotate around those 
studs. 

Nore: This brace was developed with Mr. O. 8. Caesar, Barrington, Illinois. 





DISCUSSION 
SureicaL TREATMENT OF INTRACTABLE PLANTAR WarRTS 
(Continued from page 760) 

Dr. FE. B. Mumrorp, INDIANAPOLIS, INDIANA: I have been doing this same operation for eight or ten 
years, with great success. The only objection to Dr. Dickson’s procedure is the extensive operation, which 
is not necessary. All you need to do is to make a small incision at the top of the foot, remove the head of the 
metatarsal, and then make a small incision and take out the corn. The patient will get well with a very small 
sear. In regard to Dr. Thomson’s remarks, multiple warts can be cured by roentgen rays. 


Dr. A. W. Farmer, Toronto, OnTARIO, CANADA: I would like to congratulate Dr. Dickson on the 
procedure. I agree with Dr. Key that this is a formidable procedure for a small lesion. We found that some 
of these cases could be cured by removing the pressure points or by excising a piece of the head or all of the 
head, removing the wart, and filling in the cavity by an S-shaped plastic manoeuvre. The flaps should extend 
completely across the foot. The flaps must be undermined adequately and shifted without tension. Some- 
times a single rotation flap of the sole of the foot is adequate. 


Dr. James A. Dickson (closing): I have done some operations where I removed the head of the meta- 
tarsal only, but the results were not so satisfactory as in those where the toe and shaft of the metatarsal were 
removed. The toe has no function when the head of the metatarsal is gone, and the foot looks more normal 
than when the toe is retained. 

Dr. Schwartz asked how long these cases have been followed. The first one was done in 1940 and we 
have followed them since that time. As far as I know, there has been no recurrence of the old lesion. 

I agree with several of the speakers that we are not dealing with a primary wart lesion. The continued 
use of roentgen rays and radium has brought about destructive lesions that give rise to the deep ulcerations. 
The operation suggested not only removes the wart, but also the destructive lesion. 
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THE MOULDER OF CLAY AND OF MEN 
Tarr McKenzie 


1867-1938 

The illustration portrays sculptured bronze as arranged in an exhibition presented by the Canadian 
Orthopaedic Association at the Orthopaedic Congress at the Chateau Frontenac, Quebee City, Quebec. 

Tait McKenzie was born May 26, 1867, ‘‘a son of the manse’’, at Almonte, Ontario, in the Township of 
Ramsay. When he was nine years old, his father died, but his home life continued one of cultural develop- 
ment. In some manner, his Highland mother found the funds to keep her three children in school until they 
had university degrees. Tait McKenzie entered McGill in 1885 and, by vacation earnings, ‘worked his way 
through” and was graduated in medicine in 1892. 

He was demonstrator in anatomy and became the first Medical Director of Physical Education in McGill 
University, remaining there until 1904, when he became Professor of Physical Education at the University 
of Pennsylvania. During part of his war service with the Royal Army Medical Corps, he was on command to 
the Canadian and later the American medical organizations. His essential service was to develop all of the 
rehabilitation agencies which featured the later periods of World War I and were basic for the subsequent 
progress of World War II. In this he was associated with Sir Robert Jones. 

His life-time philosophy was to present human life in its finest physicai state. He was humanist before 
being artist. His first efforts were portrait plaques; then the three-dimensional qualities intrigued him and he 
sought the perfect youth in a form derived from the composite of multiple exact measurements of hundreds 
of different athletes. The statues of the “Athlete” and the “Sprinter” are examples of this scientific approach 
to his art. This method was shortly abandoned, and the individual features of a particular athlete were then 
to be portrayed. He was convinced that the most potent humanizing influence is a healthy zest for games. 
Thus he will be known as ‘The Sculptor of Youth”. 

The post-war period saw the introduction into his work of the War Memorial, and patriotic youth was 
portrayed in the mantle of “living clay and willing sacrifice’. The trinity of these major works are interna- 
tional in distribution,—‘‘The Victor” in Woodbury, New Jersey, “The American-Seottish” in Edinburgh, 
and ‘The Volunteer’”’ in his native village of Almonte. The latter has an interesting story. At a time when the 
sentiment for war memorials was misguided in regard to quality and design, the sponsors of the memorial 
sent two representatives to London, England, to choose a suitable artist to memorialize the fallen of their 
district. There they visited the Grafton Gallery where an exhibition was in progress, and they found the 
artist to be their own townsman! 

To the University of Pennsylvania belongs the honor of the collection and establishment of the major 
portion of the sculptured works of the artist. The Orthopaedic Associations are grateful that the kindness of 
the University, and of the National Gallery of Canada, made it possible that the exhibit might be presented 
to the Orthopaedic Congress of the three nations. 

Quoting from “Tait McKenzie” by Christopher Hussey: “The athletic cult cannot fail to change human 
conditions. Athletics and games, combined with science, may yet prove a salvation to a distraught world and 
an alternative to a mechanical civilization that tends to suppression of human characteristics.” 

George A. Ramsay, M.D. 
London, Ontario 
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JAMES O. WALLACE 
1877-1948 


Dr. James O. Wallace died on February 7, 1948, at the age of seventy-one years, at his home in Pitts- 
burgh. His daughter, Betsy (Mrs. Thomas G. Greig, Jr.), with her husband and two children, were living 
with him. His wife, Edith Bosweil, died in 1943. 

Dr. Wallace was born in Pittsburgh on January 17, 1877. He was graduated in 1902 from Kenyon College 
in Ohio, at which time he was elected a member of Phi Beta Kappa. He received his medical degree from the 
University of Pennsylvania in 1906. After serving a hospital internship, he became associated with the late 
David Silver, one of the pioneers of orthopaedic surgery in this country. It was about this time that operative 
orthopaedic surgery began to develop rapidly, and Dr. Wallace soon became a leader in this new field of 
surgery in his own community. 

He was a member of The American Orthopaedic Association, a diplomate of the American Board of 
Orthopaedic Surgery, a member of the American College of Surgeons, the Pittsburgh Academy of Medicine, 
and the Eastern States Orthopaedic Club. He served on the staffs of Merey Hospital and the Children’s 
Hospital and was an Assistant Professor of Orthopaedic Surgery in the University of Pittsburgh. In addition 
to his work jn his own city, he organized and conducted State clinics for crippled children in numerous coun- 
ties in western Pennsylvania, under the auspices of the County Societies for Crippled Children. 

He worked hard and he kept abreast of the times, but he was not a prolific writer. His most valuable 
paper was on the treatment of fractures of the spine, in which he had a large experience from his work among 
the coal miners of western Pennsylvania. 

On the day of his death, he operated in the morning and attended his office in the afternoon. On reaching 
home, he said he was very tired and went to bed. A few hours later, his daughter found that he had died in his 
sleep. 

Dr. Wallace was one of that group of surgeons, of whom only a few remain, who helped to bridge the 
gap between the older conservatism and the new and brilliant progressionism of orthopaedic surgery. He did 
much to enlarge and establish this specialty among the people of his community, and to foster and en- 
courage the interest of the public in the care of crippled children. 


WILLIAM DARRACH 
1876-1948 


Dr. William Darrach died on May 24, 1948, after a brief illness. 

He was born in Germantown, Pennsylvania, the son of William and Edith Romeyn Aertson Darrach 
He attended Hill School and was graduated from Yale University in 1897. Following his graduation from the 
College of Physicians and Surgeons in 1901, he served an internship at the Presbyterian Hospital. From 1903 
to 1909, he served as demonstrator in the Department of Anatomy. In 1913, he was appointed Associate 
\ttending Surgeon at the Presbyterian Hospital, and continued to serve there in varying capacities until his 
death. 

During World War I, Dr. Darrach went overseas with Base Hospital 2, serving as Chief of Surgical 
Service, later as Consulting Surgeon for the First Army, and, still later, for the Third Army. He was dis- 
charged, after serving with distinction, with the rank of Colonel. 

In World War II, Dr. Darrach served as Civilian Consultant to the Surgeon General. His final service to 
the government was in the post of Director of Education and Research at the Kingsbridge Veterans Adminis- 
tration Hospital. 

Between the wars, Dr. Darrach served for eleven years as Dean of the College of Physicians and Sur- 
geons. After his retirement as Dean, following the completion of the great Columbia-Presbyterian Medical 
Center which towers over Washington Heights, his colleagues attested in formal resolution that he, above all 
others, had been responsible for the successful alliance between the Presbyterian Hospital and other hospitals 
and the School of Medicine, resulting in the Medical Center. 

Dr. Darrach then returned from administration to his real abiding interest—surgery—and established the 
Fracture Service. To the mending of broken bones, he brought his keen analytical mind, his mature judgment 
and rare skill. His interest in his younger colleagues and pupils was boundless. Many of them caught some of 
the fire of his inspiration, and, through those who did, his influence will continue. 
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Dr. Darrach was distinguished in every stage of his career, and his pre-eminence was recognized by 
countless honors. He served as President of the Association of the American Medical Colleges, of the Ameri- 
can Surgical Association, and of the Society of Clinical Surgery. He was a Regent of the American College 
of Surgeons. He was an honorary member of The American Academy of Orthopaedic Surgeons. He was a 
trustee of Vassar College. He received many honorary degrees from universities at home and abroad. He 
wrote numerous articles, and always spoke clearly, intelligently, and with a delightful sense of humor. He 
was a devoted, radiant, and generous person, loved by countless friends, among whom were his many pa- 
tients and associates. 

The New York Herald-Tribune of May 26, 1948, paid this great doctor a final editorial tribute, in part 
as follows: ‘To his friends he continued without break an entirely delightful being. For his utter devotion to 
his tasks, for his unending generosity to the afflicted, it is hard to find a better word than noble, yet his was a 
nobility that originated from the core of his nature, that was matched by simplicity. . . . Ne wonder he was 
loved by all who knew him, as are few men in any generation.”’ 





The following letter is reprinted, by permission of the American Medical Association, from the Corre- 
pondence Department of the Journal of the American Medical Association, vo). 135, p. 531, 1947: 


COMPLEX SIMPLE FRACTURE * 

To the Editor: Realizing that the term “‘simple fracture’’ as generally defined is thoroughly inadequate 
to describe the trauma received in many so-called simple fractures, I have added a new definition to the 
simple and compound fracture nomenclature, i.e., “complex simple fracture’. 

A complex simple fracture is a fracture which is not compound but which has received severe trauma 
to either or all of the surrounding soft structures, i.e., skin, muscles, blood vessels and nerves. The bony 
fragments usually are displaced to a marked degree. 7 

“Complex”, as defined by ‘“‘Webster’s New International Dictionary”, unabridged, is as follows: (1 
an assemblage of related things; (2) a whole made up of complicated or interrelated parts. 

The complex simple fracture should be further described as to the type of bony injury, for example: 
complex simple fracture (transverse, comminuted, spiral or oblique, as the case may be). 

Through personal contacts and correspondence with the personnel of the three National Fracture 
Committees (American Medical Association, American College of Surgeons and American Academy of 
Orthopaedic Surgeons) with reference to their opinions and the necessity for such new fracture term or 
definition, there was unanimous agreement that such a definition of complex simple fracture was a necessary 
one and should be generally accepted and used in its broad meaning. 

I make an appeal that this new fracture definition or its relative equivalent be used by the members 
of the medical profession. Besides expressing more adequately the pathologie process in such type fracture 
it will mean improved records for the hospitals and convey a better description of the fracture to the in- 
surance companies, compensation boards and other related agencies, thereby being of much help to the 
patient, the physician and every one concerned. 

I will appreciate any opinion or suggestions relative to the foregoing. 

H. Earle Conwell, M.D., Birmingham, Alabama 


* Read before the Boston Orthopaedic Society, October 20, 1947. 





CORRECTION 
An error was made in the editorial entitled “Congenital Dislocation of the Hip’’, by A. Bruce Gill, M.D., 
which appeared in the April 1948 issue of The Journal. The sentence beginning on the next to last line of 
page 526 should read as follows: “Some of these probably recover spontaneously; many of them recover 
rapidly after birth as a result of a minimal term of treatment by abduction; perfect hips develop in at 
least a few of them only after prolonged treatment”. 
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News Notes 


Word has recently been received from Athens of the formation of the Hellenic Orthopaedic Surgery 
and Traumatology Association. The officers of the new Association are: Dr. Ath. Contargyris, Athens, 
President; Dr. Michael Chryssafis, Vice-President; Dr. Alex. Papadopoulos, Secretary; Dr. Alex. Hadji- 
georgion, Treasurer; and Dr. Lucas Carabarbonins, Recording Secretary. 





At the annual election of the Washington Orthopaedic Club, on May 10, the following officers 
were elected: Dr. Paul O’ Donnell, President; Dr. Milton Cobey, Vice-President; and Dr. Everett J. Gordon, 
Secretary-Treasurer, all of Washington, D. C. 





An interesting program was presented at the annual meeting of the Ohio State Orthopaedic Society, 
held in Columbus May 14 and 15, under the presidency of Dr. E. Harlan Wilson. The officers for the present 
year are: Dr. Rudolph Reich, President; Dr. Joseph Freiberg, President-Elect; and Dr. J. I. Kendrick, 
Secretary and Treasurer. 





Dr. J. E. M. Thomson of Lincoln, Nebraska, was recently inaugurated President of the Nebraska State 
Medical Association. Dr. Thomson is also President cf the American Association of Railway Surgeons, 
and is one of the teaching mission, touring Poland and Finland this summer under the auspices of the 
World Health Organization. 





One of the highlights of the Alumni Conference of the Hospital for Joint Diseases, New York, held 
on May 24, 25, and 26, was the Sir Robert Jones Lecture, presented this year by Sir Reginald Watson-Jones. 
He spoke on “‘Death and Growth of Bone’. At the three morning sessions on Orthopaedic Surgery, presided 
over by Leo Mayer, M.D., Samuel Kleinberg, M.D., and Harry D. Sonnenschein, M.D., interesting pro- 
grams were presented. At the afternoon session on May 26, at which Dr. Mayer presided, a seminar was 
presented on “Herniated Dise and Other Back Lesions”. 


The Seventy-sixth Annual Meeting of the American Public Health Association will be held in 
Boston, November 8 to 12, 1948. This congress of professional public health workers is the largest of its kind 
held anywhere in the world. It will be attended by representatives from all parts of the United States, from 
Canada, Cuba, and Mexico, and from Latin American countries. Delegates from Europe and Asia are also 
expected. Meeting with the American Public Health Association will be many related organizations which 
select the same time and place as the Association for their annual meetings. Dr. Reginald M. Atwater is the 
Association’s Executive Secretary, with offices at 1790 Broadway, New York 19, N. Y. 


The United States Army Medical Department announces the availability of opportunities for 
advanced training and experience in the various special fields of medicine and surgery in overseas Army 
hospitals. These hospitals are registered with the American Medical Association, and this training may be 
accepted by the specialty board as part of the period usually required to be spent in limited practice and 
experience prior to admission for examination. Interested members of the medical profession who have com- 
pleted the formal training requirements for certification in one of the special fields are eligible to apply for 
these positions. 

The hospitals are located in Germany and Austria. These locations provide excellent facilities and equip- 
ment, a wealth of clinical material, and the services of visiting consultants who are outstanding specialists in 
the various fields of medical practice. In addition, opportunities will be afforded to observe the work of notable 
scientists and physicians in German and Austrian Universities. 
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The applicant may avail himself of this training for periods of one, two, or three years. Prior military 
service is not required. ; 

Eligible physicians are invited to communicate with the Surgeon General, United States Army, Wash- 
ington 25, D. C., for further information. 





The Thirty-second Congress of the Societa Italiana di Ortopedia e Traumatologia was held in 
Rome on October 25, 26, and 27, 1947, under the chairmanship of Prof. Marino-Zuco. The two principal sub- 
jects for discussion were “‘Treatment of Spastic Palsy” and ‘Rare Osteopathies’”’. Among the speakers on the 
first subject were Prof. Znoli and Dr. Borellini of Genoa. Prof. Calandra of Palermo and Prof. Pennacchietti 
of Turin participated in the discussion. The principal speaker on the second subject was Prof. Casuccio of 
Bologna, who iilustrated his presentation with material from the Istituto Rizzoli. Prof. Marino-Zuco and his 
associates also gave a preliminary report of results of the use in Italy of streptomycin in the treatment of bone 
and joint tuberculosis. 

The thirty-third meeting of the Society will be held in October 1948, in Bologna, with Prof. Delitala as 
Chairman. 





The International Society of Orthopaedic Surgery and Traumatology will hold its Fourth Con- 
gress in Amsterdam on September 13 to 18, with headquarters at the American Hotel. On Tuesday, Septem- 
ber 14, the subject for discussion will be “Treatment of the Deforming Arthritides of the Hip’’. The discussors 
will be Professors Padovani (France), Zahradniéek (Czechoslovakia), La Chapelle (The Netherlands), Del- 
chef (Belgium), Wiberg (Sweden), Mathieu (France), and Smith-Petersen (U.S.A.). On Wednesday, Septem- 
ber 15, “Occult Traumatisms of the Vertebral Column”’ will be discussed by Professors Nicoll (Great Brit- 
ain), Bohler (Austria), Pais (Italy), Incl4n (Cuba), and San Ricart (Spain). Thursday and Friday, September 
16 and 17, will be devoted to papers and case presentations, and operating sessions in the hospitals of Am- 
sterdam. On Saturday, September 18, visits will be made to the orthopaedic clinics at Rotterdam, Leiden, 
Nijmegen, and the University of Utrecht. 

Dr. Henry W. Meyerding, President of the Congress, invites any orthopaedic surgeons from the United 
States who may be in Europe during that week to attend the scientific sessions and social functions of the 
Congress. Those surgeons who are planning to attend this Congress should notify Dr. Henry W. Meyerding, 
102 Second Avenue, 8S. W., Rochester, Minnesota; Dr. Jean Delchef, Secretary General, Rue Montoyer 34, 
Bruxelles, Belgium; and Dr. J. D. Mulder, Secretary of the Congress, Vondelstraat 75, Amsterdam, Holland. 





THE AMERICAN ORTHOPAEDIC ASSOCIATION 

The Sixty-first Annual Meeting of The American Orthopaedic Association, under the presidency of Dr. 
R. I. Harris, was held at the Chateau Frontenac, Quebec City, June 3 through 6, 1948. This was also the first 
combined meeting of the American, British, and Canadian Orthopaedic Associations. An excellent program 
had been prepared by the Program Committee under the chairmanship of Dr. J. L. McDonald, and many 
excellent papers were presented by members of the three Associations. One of the features of the meeting was 
an exhibition (see page 790) of the work of Dr. Tait McKenzie, who was we!l known to many members of 
the three Associations. : 

The program follows: 


THURSDAY, JUNE 3 
Morning Session 
Brief Address of Welcome, by R. I. Harris, M.B., President of The American Orthopaedic Association, to 
members and guests of the three Associations. 
Introduction of Mr. Philip Newman, F.R.C.S., representing the Nuffield Travelling Fellows. 
Aseptic Necrosis of Bone Following Trauma. 
Edward L. Compere, M.D., Chicago, Illinois. 
Management of the Aseptic Necrotic Head of the Femur in Adults. 
Dallas B. Phemister, M.D., Chicago, Illinois. 
Fractures of the Neck of the Femur Treated by Smith-Petersen Pin Plus Fibular Graft. 
J. Patrick, F.R.C.S., Glasgow, Scotland. 
Further Comments on Aseptic Necrosis of the Femoral Head, Sequel to Intracapsular Fractures. 
W. W. Plummer, M.D., Buffalo, New York. 
Discussion: H. Jackson Burrows, F.R.C.S., London, England; 
Robert W. Johnson, M.D., Baltimore, Maryland; 
J. Albert Key, M.D., St. Louis, Missouri; 
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Dallas B. Phemister, M.D.; 
J. Patrick, F.R.C.S.; 
W. W. Plummer, M.D. 
Subtrochanteric Leg Shortening. 
Lawson Thornton, M.D., Atlanta, Georgia. 
Discussion: Walter P. Blount, M.D., Milwaukee, Wisconsin; 
J. Warren White, M.D., Greenville, South Carolina; 
J. Albert Key, M.D., St. Louis, Missouri; 
Juan Farill, M.D., Mexico City; 
Lawson Thornton, M.D. 


Noon 
First Executive Sessions of the American, British, and Canadian Orthopaedic Associations. 


Afternoon Session 
Osteoid Osteoma: A Clinical-Pathological Study of a Series of Cases. 
Malcolm Dockerty, M.D., Rochester, Minnesota (by invitation); 
Ralph K. Ghormley, M.D., Rochester, Minnesota. 
Discussion: T. Campbell Thompson, M.D., New York, N. Y.; 
R. K. Ghormley, M.D.; 
Fremont A. Chandler, M.D., Chicago, Illinois; 
George E. Bennett, M.D., Baltimore, Maryland. 
Arthrodesis of the Hip—Ischiofemoral Method. 
H. A. Brittain, F.R.C.S., Norwich, England. 
Discussion: Joseph A. Freiberg, M.D., Cincinnati, Ohio; 
Wallace H. Cole, M.D., St. Paul, Minnesota; 
E. 8S. Evans, F.R.C.S., Alton, England; 
K. H. Pridie, F.R.C.S., Bristol, England; 
Leo Mayer, M.D., New York, N. Y. 
H. 8. Coulthard, M.D., Weston, Ontario. 
The Management of Incipient Epiphyseolisthesis of the Hip. 
S. Kleinberg, M.D., New York, N. Y. 
Slipping of the Upper Femoral Epiphysis. 
Beckett Howorth, M.D., New York, N. Y. 
Treatment of Slipping of the Upper Femoral Epiphysis. A Study of the Late Results in Forty-two Cases. 
Clarence H. Heyman, M.D., Cleveland, Ohio. 
Roentgenographic Changes in Nailed Slipped Capital Femoral Epiphysis. 
Armin Klein, M.D., Boston, Massachusetts; 
Robert J. Joplin, M.D., Boston, Massachusetts (by invitation); 
John A. Reidy, M.D., Boston, Massachusetts (by invitation) ; 
Joseph Hanelin, M.D., Boston, Massachusetts (by invitation). 
Discussion: Philip Wilson, M.D., New York, N. Y.; 
Robert J. Joplin, M.D.; 
J. Albert Key, M.D., St. Louis, Missouri; 
S. Kleinberg, M.D.; 
Beckett Howorth, M.D.; 
Clarence H. Heyman, M.D. 


FRIDAY, JUNE 4 


Morning Session 
Osteo-Arthritis of the Hip Joint. Review of Over One Hundred Cases Treated by Arthroplasty. 
Alexander Gibson, M.D., Winnipeg, Manitoba. 
Discussion: Paul C. Colonna, M.D., Philadelphia, Pennsylvania; 
M. N. Smith-Petersen, M.D., Boston, Massachusetts; 
K. H. Pridie, F.R.C.S., Bristol, England; 
Alexander Gibson, M.D. 
The Etiology of Peroneal Spastic Flat-Foot. 
R. I. Harris, M. B., Toronto, Ontario; 
Thomas Beath, M.D., Columbia, South Carolina (by invitation). 
Discussion: 8S. Alan 8S. Malkin, F.R.C.S., Nottingham, England; 
Joseph S. Barr, M.D., Boston, Massachusetts; 
R. I. Harris, M.B. 
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A Follow-up Study of Results in Fascial Arthroplasties of the Knee. 
J. S. Speed, M.D., Memphis, Tennessee; 
Philip C. Trout, M.D., Roanoke, Virginia (by invitation). 
Arthroplasty of the Knee Joint—End Results. 
J. Edouard Samson, M.D., Montreal, Quebec. 
Discussion: Sir Reginald Watson-Jones, F.R.C.S., London, England; 
Joseph A. Freiberg, M.D., Cincinnati, Ohio; 
Mather Cleveland, M.D., New York, N. Y.; 
George E. Bennett, M.D., Baltimore, Maryland; 
Harold B. Boyd, M.D., Memphis, Tennessee: 
J. Edouard Samson, M.D. 
Greetings from the United Kingdom by 8. Alan 8. Malkin, F.R.C.S., President of The British Ortho- 
paedie Association. 
Changes in Elastic Adipose Tissue. 
J. G. Kuhns, M.D., Boston, Massachusetts. 
Discussion: A. W. Farmer, M.D., Toronto, Ontario; 
J. G. Kuhns, M.D. 
End Results of Physiological Blocking of Flail Joints. 
Alberto Inclan, M.D., Havana, Cuba. 
Discussion: Fremont A. Chandler, M.D., Chicago, Illinois: 
Alberto Incl4n, M.D. 


Afternoon Session 
Fracture-Dislocation of the Pelvis. 
F. W. Holdsworth, F.R.C.S., Sheffield, England. 
Discussion: H. Earle Conwell, M.D., Birmingham, Alabama. 
Developmental Coxa Vara. 
A. B. LeMesurier, M.D., Toronto, Ontario. 
Discussion: William T. Green, M.D., Boston, Massachusetts; 
J. Albert Key, M.D., St. Louis, Missouri; 
Isadore Zadek, M.D., New York, N. Y.: 
A. B. LeMesurier, M.D. 
Treatment of Some Irreducible Congenital Dislocations of the Hip. 
Juan Farill, M.D., Mexico City. Aft 
Arthrography in Congenital Dislocation of Hip. ; 
F. C. Durbin, F.R.C.S., Exeter, England. 
Discussion: H.R. MeCarroll, M.D., St. Louis, Missouri; 
M. N. Smith-Petersen, M.D., Boston, Massachusetts; 
Paul C. Colonna, M.D., Philadelphia, Pennsylvania; 
Walter P. Blount, M.D., Milwaukee, Wisconsin; 
Juan Farill, M.D.; 
F. C, Durbin, F.R.C.S. 
Arthrodesis of the Ankle Joint. 
W. E. Gallie, M.D., Toronto, Ontario. 
Discussion: Alan DeForest Smith, M.D., New York, N. Y.; 
Dallas B. Phemister, M.D., Chicago, Illinois; 
Thomas Beath, M.D., Columbia, South Carolina; 
J. Albert Key, M.D., St. Louis, Missouri; 
W. E. Gallie, M.D. 
Some Aspects of Metabolic Bone Diseases. 
Fuller Albright, M.D., Boston, Massachusetts (by invitation). 
Estrogens and Bone Formation in the Human Female. 
Mary 8. Sherman, M.D., Chicago, Illinois (by invitation); 
C. Howard Hatcher, M.D., Chicago, Illinois. 
Discussion: A. R. Shands, Jr., M.D., Wilmington, Delaware; Vor 
Fuller Albright, M.D. 
SATURDAY, JUNE 5 
Morning Session 
Congenital Discoid Meniscus. 
I. S. Smillie, F.R.C.S., Edinburgh, Scotland. 
Knee-Joint Changes After Meniscectomy. 
T. J. Fairbank, F.R.C.S., Reading, England. 
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Discussion: Joseph S. Barr, M.D., Boston, Massachusetts; 
H. M. Coleman, M.D., Toronto, Ontario; 
Edwin F. Cave, M.D., Boston, Massachusetts: 
J. Albert Key, M.D., St. Louis, Missouri; 
Philip Lewin, M.D., Chicago, Illinois; 
I. S. Smillie, F.R.C.S.; 
T. J. Fairbank, F.R.C.S. 
Compression Arthrodesis of Knee. 
John Charnley, F.R.C.S., Manchester, England. 
Discussion: J. Albert Key, M.D., St. Louis, Missouri; 
George W. N. Eggers, M.D., Galveston, Texas; 
Donald E. Starr, M.D., Vancouver, British Columbia; 
John Charnley, F.R.C.S, 
Treatment of Cervical Fracture and Fracture-Dislocation. 
William A. Rogers, M.D., Boston, Massachusetts. 
Treatment of Fracture-Dislocations of the Cervical Vertebrae by Skeletal Traction and Fusion. 
Results Ten Years Later. 
W. G. Turner, M.D., Montreal, Quebec; 
William Cone, M.D., Montreal, Quebec (by invitation). 
Discussion: E, A. Nicoll, F.R.C.S., Manchester, England; 
Carl E. Badgley, M.D., Ann Arbor, Michigan; 
Paul B. Steele, M.D., Pittsburgh, Pennsylvania; 
V. H. Ellis, F.R.C.S., London, England; 
William A. Rogers, M.D.; 
W. G. Turner, M.D. 
Greetings from Canada by J. Edouard Samson, M.D., President of The Canadian Orthopaedic Asso- 
ciation, 
Organization of an Accident Service. 
W. Gissane, F.R.C.S., Birmingham, England. 
Discussion: John A. Heberling, M.D., Pittsburgh, Pennsylvania. 
Presidential Address. 
R. I. Harris, M.B., Toronto, Ontario. 


Afternoon Session 
A conference of teachers of orthopaedic surgery, sponsored and arranged by the Committee on Under- 
graduate Training in Orthopaedic Surgery of The American Orthopaedic Association. 
A. Bruce Gill, M.D., Philadelphia, Pennsylvania, Chairman, assisted by Professor George Per- 
kins, F.R.C.S., London, England. 
Introductory Remarks. 
A. Bruce Gill, M.D. 
Objectives of Undergraduate Orthopaedic Teaching. 
A. R. Shands, Jr., M.D., Wilmington, Delaware. 
The Well-Balanced Curriculum of Undergraduate Orthopaedic Teaching. 
Robert W. Johnson, Jr., M.D., Baltimore, Maryland; 
William T. Green, M.D., Boston, Massachusetts. 
The Use of Audio-Visual Aids in the Teaching of Orthopaedic Surgery. 
Fremont A. Chandler, M.D., Chicago, Illinois; 
Joseph 8. Barr, M.D., Boston, Massachusetts. 
The Relationship of the Division of Orthopaedic Surgery with the Division of General Surgery 
and Other Divisions in the Medical School and Teaching Hospital. 
Carl E. Badgley, M.D., Ann Arbor, Michigan; 
Don King, M.D., San Francisco, California, 


SunpDAY, JUNE 6 
Morning Session 
Surgical Approaches to the Shoulder Joint — Audio-Visual Presentation. 
LeRoy C. Abbott, M.D., San Francisco, California; 
John B. deC. M. Saunders, M.B., San Francisco, California (by invitation); 
Helen Hagey, M.D., San Francisco, California (by invitation) ; 
Ellis W. Jones, Jr., M.D., San Francisco, California (by invitation). 
Anatomical Investigation in Lumbar-Dise Degeneration. 
Sten Friberg, M.D., Stockholm, Sweden (by invitation). 
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Discussion: Joseph 8. Barr, M.D., Boston, Massachusetts; 
J. Albert Key, M.D., St. Louis, Missouri; 
Sten Friberg, M.D. 
The Use of External Pin Fixation in Late Compound Fractures Due to War Wounds. 
E. C. Janes, M.D., Hamilton, Ontario. 
Discussion: John R. Moore, M.D., Philadelphia, Pennsylvania. 
Treatment of Fractures of the Shaft of the Femur. 
Edward Harlan Wilson, M.D., Columbus, Ohio. 
Discussion: John Charnley, F.R.C.S., Manchester, England; 
K. H. Pridie, F.R.C.S., Bristol, England; 
Edward Harlan Wilson, M.D. 
Denervation of the Elbow Joint for Relief of Pain. Preliminary Report. 
James E. Bateman, M.D., Toronto, Ontario. 
Discussion: J. Albert Key, M.D., St. Louis, Missouri; 
James E. Bateman, M.D. 
Case Report of Pedicled Nerve Graft with Discussion on the Applicability of Procedure. 
F. G. St. Clair Strange, F.R.C.S., Folkestone, England. 
Discussion: James E. Bateman, M.D., Toronto, Ontario; 
Paul B. Steele, M.D., Pittsburgh, Pennsylvania; 
R. I. Harris, M.B., Toronto, Ontario; 
F. G. St. Clair Strange, F.R.C.S. 
Elephantiasis Associated with Congenital Bands in Children. 
A. W. Farmer, M.D., Toronto, Ontario. 
Discussion: William T. Green, M.D., Boston, Massachusetts; 
A. W. Farmer, M.D. 
Scoliosis Complicated with Paraplegia. 
K. G. MeKenzie, M.D., Toronto, Ontario (by invitation) ; 
F, P. Dewar, M.D., Toronto, Ontario. 
Discussion: Arthur Steindler, M.D., Iowa City, Iowa; 
F. P. Dewar, M.D. 
Noon 
Final Executive Sessions of the American, British, and Canadian Orthopaedic Associations. 
Ralph Kk. Ghormley, M.D., Rochester, Minnesota, is President of The American Orthopaedic Associa- 
tion for the year 1948 to 1949. 
At the final Executive Session of this Association, the following officers, members of committees, and 
delegates were elected: 
Officers 
President-Elect: Robert W. Johnson, M.D., Baltimore, Maryland; 
Vice-President: George W. Van Gorder, M.D., Boston, Massachusetts; 
Secretary: C. Leslie Mitchell, M.D., Detroit, Michigan; 
Treasurer: Frank D. Dickson, M.D., Kansas City, Missouri. 
Committee Members 
Membership Committee: Frederic C. Bost, M.D., San Francisco, California; 
Program Committee: John R. Moore, M.D., Philadelphia, Pennsylvania; 
Research Committee: W. Ward Plummer, M.D., Buffalo, New York. 
Delegate to the American College of Surgeons 


Philip D. Wilson, M.D., New York, N. Y. 


Representatives on the American Board of Orthopaedic Surgery 
T. Campbell Thompson, M.D., New York, N. Y.; 
J. Warren White, M.D., Greenville, South Carolina. 


The following were elected to active membership in The American Orthopaedic Association: 
John R. Cobb, M.D., New York, N.Y.; 
Moses Gellman, M.D., Baltimore, Maryland; 
Charles Edwin Irwin, M.D., Warm Springs, Georgia; 
Robert Lee Patterson, Jr., M.D., New York, N. Y.; 
Charles R. Rountree, M.D., Oklahoma City, Oklahoma; 
Harold A. Sofield, M.D., Chicago, Illinois; 
Henry Herman Young, M.D., Rochester, Minnesota. 
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Book Reviews 


HANDBOOK ON FRactuREs. Duncan Eve, Jr., M.D., F.A.C.S., in collaboration with Trimble Sharber, A.B., 

M.D. St. Louis, C. V. Mosby Company, 1947. $5.00. 

This handbook on the diagnosis and treatment of fractures is one of several which have appeared within 
the past few years. It represents methods of handling individual fractures which the author has found most 
effective, and it is obvious that his experience has been broad. The teaching is didactic and dogmatic, but it 
does represent the experience of one man with methods which, in his hands, have proved effective. The gen- 
eral principles of fractures are discussed, as are the general principles and fundamentals of treatment of frac- 
tures. There are short chapters on the application of plaster, open reduction, and internal fixation of frac- 
tures; and practically all fractures are dealt with as regards manipulative treatment and external fixation. 

There are many ways to treat the individual fracture, and some experienced surgeons will undoubtedly 
disagree with some of the methods advocated in this small book. Certain surgeons would question the value 
of the inlay bone graft. Others would discourage the use of local chemotherapy in wounds. The use of petro- 
latum gauze in wounds might be questioned by some. The use of the hanging cast is advocated for certain 
fractures of the shaft of the humerus. 

The book is too small to give much detail in the way of end-result studies, and no statistics are presented 
to back up the opinions which the author advances. Therefore, one must conclude that the book is based upon 
the opinion of one man, working in a large industrial area, and that the methods, by and large, have proved 
satisfactory in his hands. The book will prove useful, particularly for the young general surgeon and the gen- 
eral practitioner, and can be read with benefit, along with similar books which present the treatment of frac- 
tures in a somewhat different light. 


NOUVELLES TECHNIQUES DE TRAITEMENT DES FRACTURES. METHODES ORTHOPEDIQUES. REDUCTION DANS 
LES CADRES DE TRACTION. SYNTHESES A MINIMA: BROCHAGES, ENCLOUAGES. H. Godard et R. Michel- 
Béchet. (Préface du Professeur J. Leveuf.) Paris, G. Doin et C'*, 1948. 1,500 franes. 

Entitled “‘new techniques’, this volume is concerned with the exposition of a modified form of intra- 
medullary pinning by Kirschner wires, the method of so-called ‘‘ minimal synthesis”. The authors believe that 
reduction by skin traction is not adequate and that reduction by open operation is not desirable. They recom- 
mend reduction by skeletal traction by means of Kirschner wire, with roentgenographie control. Mainte- 
nance of the reduction is accomplished by means of intramedullary pinning and application of plaster while 
traction is being maintained. For intramedullary pinning, the Kirschner wire is preferred to the Kiintscher 
nail, because it is more pliable, of smaller diameter, and therefore less traumatizing to the medullary tissues. 

The second portion of the book is devoted to a study of the osseous reactions to pinning. The authors 
show that intramedullary pinning stimulates intramedullary callus formation. When the pin perforates an 
epiphyseal line, a slight retardation of growth takes place. Because of the small diameter of the wire, this 
seldom exceeds 3 to 9 per cent. of the total length of the femur in experimental rats. With the passage of time, 
this becomes minimal, so it is concluded that the wire may be passed through the epiphyseal plates into the 
diaphysis without material damage. 

By far the largest part of the book (more than 80 per cent.) is devoted to a study and description of the 
methods used in the treatment of individual fractures. The chapters on the treatment of supracondylar 
fractures of the humerus, fractures of the forearm bones, and fractures of the femur are particularly com- 
mendable. 

Directions for undertaking the various procedures are lucidly set forth. The work is profusely illustrated 
with excellent roentgenograms and line drawings. As an exposition of the authors’ technique, it warrants 
careful reading by every one interested in the meticulous treatment of fractures. 


SureicaL Patuoroecy. Ed. 6. William Boyd, M.D.; M.R.C.P. (Edin.); F.R.C.P. (Lond.); LL.D. (Sask.); 

M.D. (Oslo); F.R.C.S. Philadelphia, W. B. Saunders Company, 1947. $10.00. 

In this sixth edition, the author has brought his subject up to date. The surgery of today is based on 
pathology. There is no textbook that can be of more help to the surgeon than this one. 

An entire new section has been written on the surgical pathology of the heart; it deals chiefly with con- 
genital heart disease. The congenital defects resulting in pulmonary stenosis, patent ductus arteriosus, and 
coarctation of the aorta are explained, and the surgical procedures now carried out are described. 

Among the other new material included in this volume are sections on tumors of the larynx, pinealoma, 
Bittner’s milk factor in relation to breast carcinoma, avitaminosis in cancer of the mouth, the method of 
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diagnosis of carcinoma of the cervix by Papanicolaou vaginal smear, fibrous dysplasia of bone, inflammatory 
nodules of muscle in chronic arthritis, and fibrositis of the back. 

Boyd has revised many sections of the previous edition. As before, he summarizes the clinical features 
with the pathological process, for the benefit of the reader. 

Again, we wish to recommend this book to all surgeons. 


Source Book or OrrnopaeEnics. Ed. 2. Edgar M. Bick, M.A., M.D., F.A.C.S. Baltimore, The Williams 
and Wilkins Company, 1948. $8.00. 

The new edition of this valuable book will be welcomed especially by those who have known Dr. Bick’s 
earlier work. 

The book has been entirely reset, and many chapters have been revised. In Part II, dealing with Con- 
temporary Orthopaedic Surgery, much new material has been added,—such as the section on Reparative 
Osteogenesis in the chapter, ‘“‘ Physiology’, and the new chapter, ‘‘ Morphology and Genetics’’. 

The advances in treatment of bone and joint conditions within the last ten years have made necessary 
the revision of many of the chapters in this Part. The sections devoted to Fractures and Bone Surgery have 
been greatly enlarged. New chapters have been added on Surgery of the Articulations, Special Surgery of the 
Hip Joint, and Surgery of the Neuromuscular Apparatus. 

The reading of this new edition again impresses one with the recognition of fundamental principles by 
pioneers in this branch of medicine throughout the centuries. Beginning with Greek and Roman practice, 
the treatment of diseases of the bones and joints and of congenital and acquired deformities has constantly 
changed with newly acquired knowledge and the availability of newer methods and refinements of tech- 
niques. However, running through the account of the sources of our present understanding is the evidence 
that those who early sought to relieve the conditions which they were called upon to treat, although with 
fragmentary knowledge and lack of equipment and of the advantages of modern surgery, recognized the 
same principles which underlie present-day treatment. 

Orthopaedic surgery, as we know it today, is the blending of contributions, not only from surgeons, but 
from many who have been known for their work in the basic sciences, general medicine, and other allied fields, 
This comprehensive account of its development represents a tremendous amount of study and research. It 
is interesting reading and a valuable reference book. 


OsTEOPHTHISIS PELViIs ET FEMORUM. ZUGLEICH EIN BEITRAG ZUR FRAGE DER SPONTANEN Ri'cCKBILDUNG 
MALIGNER TUMOREN. (Bd. 1, Weiner Beitriige zur Pathologie und pathologischen Anatomie.) Dr. Gott- 
fried Hartmann. Wien, Wilhelm Maudrich; New York, Grune and Stratton, 1947. $5.00. 

The title implies complete disappearance of the bony structures of the pelvis and of both femora. The 
author describes in detail the clinical, roentgenographic, and autopsy findings of a most unusual case. A 
woman, forty-nine years old, was admitted to the hospital in September 1941, with chief complaints of 
anorexia, dyspnoea, and cardiac and epigastric distress; no hematemesis had occurred. The clinical examina- 
tion revealed a fairly well nourished patient, moving around on crutches. The heart was enlarged. The lungs 
were free and clear. There were no palpable masses in the abdomen. The liver and spleen were not enlarged. 
The pelvis showed no bone resistance. Roentgenographic study revealed complete absence of the bony strue- 
tures of the pelvic girdle and the femora; the appearance of the gastro-intestinal tract suggested a neoplastic 
invasion of the lower half of the stomach; no obstruction was noted. General anasarca and ascites developed, 
and the patient died about two months after admission. 

The story of this case begins with the first examination in 1908, when the patient was sixteen years old. 
She was then treated by Professor Lorenz for tuberculous coxitis, following a fall. The first roentgenograms, 
in 1910, showed complete absorption of the left half of the pelvis and of the femoral neck and head, except for 
the left iliac bone. The left leg was eight centimeters shorter than the right. This condition was progressive, 
so that in 1913 the patient was unable to use her right leg. There was no pain. Roentgenographic study in 
1919 (when the patient was twenty-eight years old) disclosed complete absorption of the entire pelvic girdle, 
lower lumbar vertebrae, and femora. Professor Kienbiéck presented this case before the Medical Society and 
reported it in the literature as echinoccoccus disease of the bone. Except for the bone changes, the patient was 
clinically well. She married and a healthy infant was delivered by Caesarean section in 1924. Three years 
later, the patient had another section at term; the infant was normal. Following the second section, the tubes 
were ligated. 

A summary of the autopsy findings was as follows: (1) scirrhous, linitis plastica type of carcinoma of the 
entire stomach and of the lower portion of the esophagus; (2) carcinomatosis of the peritoneum and of the 
retroperitoneal glands; (3) hypostatic pneumonia; (4) verrucous endocarditis of the mitral valve; (5) oedema 
of the brain; (6) chronic cystopyelonephritis; (7) abscess of the gluteal muscles on the left side; (8) osteo- 
phthisis of the bones of the pelvis and both femora, etiology undetermined; and (9) secondary anaemia. 

Detailed histological studies of the specimens of the bones and of the stomach revealed a lymphangiiti¢ 
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type of scirrhous carcinoma, resembling a linitis plastica. No ulcers were found. Study of the bones showed 
replacement of the bony structures by connective tissue, with islands of tumor cells and occasional calcium 
residua. Many of the vessels showed neoplastic emboli. Some areas of the femur suggested bone regeneration 
and an attempt at fibrous healing or replacement of the neoplastic metastatic lesions. The author attempts 
to explain the bone metastases as a single lymphogenous spread to the bones, the original gastric lesion having 
been small. The condition was kept in check by some endocrine factors (puberty and pregnancies). The 
growth of the metastases in the bones produced alkalosis and calcium ionization which, in turn, kept the 
original lesion localized until it spread rapidly in the fifth decade (climacteric). The interplay of endocrine 
and metabolic factors, in Hartmann’s opinion, produced this unusual result. 


Tue Aseptic TREATMENT OF Wovunps. Carl W. Walter, A.B., M.D. New York, The Macmillan Company, 

1948. $9.00. 

“The aseptic treatment of the wound in the operating room is the culmination of so much daily thought 
and effort on the part of those to whom the responsibility for its details has been relegated that most surgeons 
think of asepsis only as the use of rubber gloves and a few sterile drapes.” In this sentence, Dr. Walter out- 
lines the scope and theme of his book, which is one of the Macmillan Surgical Monographs, edited by the late 
Elliott C. Cutler. 

The book contains 372 pages and 21 chapters and can be divided into the following sections: 

1. The Development of the Concept of Asepsis: Here is an excellent chronological review of the evolution 
of asepsis; it is graphically outlined with pertinent information, and suffixed with references. 

2. Chemical Destruction of Bacteria: The market today is flooded with many kinds of chemical germi- 
cides. Dr. Walter gives a very good evaluation of the commonly used germicides and a list of those which 
cannot be depended upon. The new synthetic phenol compound, ‘‘G-11”’, is described. When added to liquid 
soap: “‘ !wo minutes’ scrubbing with the mixture [liquid soap and 2 per cent. G-11] lowers the resident count 
more than twenty minutes’ scrubbing with ordinary toilet soap”’. 

3. Physical Destruction of Bacteria (mechanical processes, heat, and steam): Dr. Walter is one of the first 
to emphasize the importance of the ‘‘chain of asepsis” and to point out the many possibilities of *‘leaks”’ in 
this chain. Every method of heat and steam sterilization is illustrated and explained. Emphasis is laid on the 
importance of understanding the mechanical equipment in the sterilizing room, knowing that the equipment 
functions properly and that it is being constantly inspected and maintained. ‘‘Leaks”’ in the chain of asepsis 
may and do occur in the sterilizing room. Excellent illustrations demonstrate the preparation of surgical kits, 
dressings, and drapes. The technique of sterilization is discussed. 

4. Operating-Room Technique: This section is particularly good for teaching. Representative procedures 
in the operating room are covered, step by step, with many clear sketches. Surgeons are reminded again of 
the relative inefficiency of the surgical mask, and convincing figures are given to show the increase in con- 
tamination which occurs when loud talking, coughing, or forceful expiration is indulged in at the operating 
table. 

5. Central Supply: The total plan of the central supply room, its technique, and functions are carefully 
and thoroughly outlined. 

In the total picture of aseptic treatment of wounds, more emphasis may have been given to wound 
physiology and the tremendous part that untraumatized and vital tissue play in the ‘‘aseptic” treatment of 
wounds. There are a few very minor points in operating-room technique that may be controversial, but this 
does not take away from the tremendous value of Dr. Walter’s work. 

This monograph is a distinct contribution to surgical teaching; it is timely, complete, accurate, excel- 
lently illustrated, and clearly presented. It goes far beyond its expressed purpose as a text for medical-school 
courses in surgical teaching, and should be read by the busy surgeon, the house staff, the operating-room 
supervisor, and the hospital engineer. 


SKELETAL TUBERCULOsIS. Vicente Sanchis-Olmos, M.D. (Translated from the Spanish by John G. Kuhns, 

M.D.) Baltimore, The Williams and Wilkins Company, 1948. $5.00. 

This book represents an extensive study of the problem of skeletal tuberculosis. It is divided into two 
parts. The first part deals with the pathogenesis, pathological changes associated with the disease, etiological 
factors, and basic considerations in diagnosis, prognosis, and treatment. The second part, under the heading 
of ‘‘Special Subjects’’, considers individually the various joints and bone structures in which the disease may 
be manifested. 

In the first part, much of the discussion is based on theory rather than on proved scientific facts. A vast 
working knowledge of the medical literature, both European and American, is indicated. The references 
represent principally material written by European surgeons, giving the average American reader an insight 
into their line of reasoning which he has not heretofore enjoyed. 

The second part, dealing individually with the various anatomical areas, represents a repetitious résumé 
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of material which could be condensed without loss of value. Under each of these areas, the pathology, roent- 
genographic appearance, symptomatology, differential diagnosis, and prognosis are discussed in detail. This 
entails a repetition of material from one part to the next, and a repetition of material previously covered 
under the general discussion in Part I. The treatment of the various lesions is covered only in generalities. 
If this is to be considered as a complete text or reference book dealing with skeletal tuberculosis, it seems rea- 
sonable that a short paragraph, outlining the steps of the actual operative procedures useful in each type of 
lesion, might be included. A resident surgeon, preparing to perform his first arthrodesis of a tuberculous hip 
cannot turn to this book for help. This decreases its value as reference material. 

This book is published under the date of 1948; yet, as is true in so many instances, it is out of date before 
it can be published, since recent important developments are not included. The possible value of streptomyein 
in the therapeutic management of this disease is not even mentioned. This drug apparently has no effect on 
the destructive process itself and, in the light of our present knowledge at least, fails to alter the status of the 
bone or joint lesion. Its value in the management of secondary soft-tissue manifestations, however, cannot be 
questioned. No treatise dealing with skeletal tuberculosis can be regarded as modern without consideration 
of the use of this drug. 

The purpose of the publication is stated to be ‘‘ what is new or little known on the subject of tuberculosis 
of the bone’’. It accomplishes this purpose, although the “‘new”’ in many instances is represented by theory 
rather than fact. It will be of great value from an academic standpoint as a reference book for the student of 
skeletal tuberculosis. From a purely practical standpoint, it will be of little value to the practitioner of 
orthopaedic surgery. 


DIsABILITY EVALUATION PRINCIPLES OF TREATMENT OF COMPENSABLE INJURIES. Ed. 4. Earl D. McBride, 

B.8., M.D., F.A.C.S. Philadelphia, J. B. Lippincott Company, 1948. $12.00 

Previous editions of this work have placed it in an authoritative position as a manual for the proper 
evaluation of disability. Insurance companies and State Accident Commissions use it as a guide and source 
of information. It is a tremendous accomplishment, and the reviewer was impressed by the great amount of 
work necessary to produce this concise, well organized, definitive treatise. 

As Dr. McBride states: ‘‘To appreciate the effects of deformity and to pass judgment on disability a 
practical analysis must be made of the altered anatomic form and the functional effect of the mechanical 
alterations”. F 

The chapter, ‘‘The Doctor as an Expert Witness’, should be read by every practitioner who is called 
upon to testify in disability controversies. An insert of thirty-eight pages details the ‘‘ Author’s Composite 
Schedule of Approximate Evaluation for Partial Permanent Disability’’. His method is based on function,— 
in other words, what can the patient do. He analyzes these factors. 

McBride also presents the principles of treatment of disabling injuries. It might be well to delete this 
portion of the book entirely. The work on disability rating is outstanding and authoritative, in itself a subject 
difficult to master. The addition of treatment to this encyclopedic volume detracts from, rather than adds to, 
its value. 


THE Foor anp ANKLE. THEIR INJURIES, DISEASES, DEFORMITIES AND DisaBiILitiEs. Ed. 3. Philip Lewin, 

M.D., F.A.C.S. Philadelphia, Lea and Febiger, 1947. $11.00. 

The third edition of Dr. Lewin’s book is a complete revision of his previous work. The experience of the 
author in World War II, as well as his study of methods used in other military hospitals, is the basis for 
many of the sections added in this edition. They are representative of the newer concepts of etiology, the 
advance in research in chemotherapy, and improved surgical techniques. 

Many illustrations have been added, most of them reproduced from surgical journals, featuring the newer 
methods of treatment presented by various authors in recent years. 

The excellent bibliography is valuable for the reader who wishes to locate individual articles on these 
subjects and to pursue his studies on foot conditions. Dr. Lewin states that ‘‘with very few exceptions, no 
reference is included that has not been read by the author’. 

Criticism may be made of the author’s method of presentation. This may be illustrated by the chapter 
on Talipes Equinovarus. After some general statements concerning the etiology, the author presents his own 
method. This section on “‘Lewin’s technic’’ does not include a description of the method of manipulative 
correction used. 

In the discussion of club-foot, the Kite method is depicted incorrectly. Application of a foot cast with 
molding, then a leg cast, and finally maintenance of maximum correction with a plaster bandage around the 
foot and over the knee are not demonstrated in the pictures or text. Likewise, the pre-correction line drawing 
of a roentgenogram fails to show the abnormal relationship of talus and calcaneus. 

‘J. W. White glues the soles of the feet together with compound tincture of benzoin or other adherent 
material and binds the feet together with a resilient bandage for three or four months.” This sentence, under 
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the heading of Talipes Equinovarus, is misleading, because White uses this type of therapy for congenital 
pronation or calcaneovalgus deformities,—the antithesis of equinovarus deformities. 

The reviewer believes that there is overdramatization in the author’s statement that the time to treat 
club-foot is when the child is six minutes of age rather than six weeks. The consensus today is in favor of 
early correction, but from two to six weeks of age is early, and delay until the child has left the nursery of the 
hospital has many advantages for the patient, the mother, and the physician. 

Various methods of therapy, non-operative and operative, are also discussed in this chapter, but without 
consideration of indications, preference by the author, or end results. This chapter is encyclopedic, but of 
little assistance to the relatively inexperienced physician; to choose a method of therapy, the physician must 
have had experience and training. Of all the common abnormalities of the foot which are present in infancy 
and childhood, congenital equinovarus deformity is probably the one requiring the most exact and definite 
therapy. It is for this reason that this chapter has been chosen for criticism. 

In the discussion of flat feet, the etiology and pathology are well reviewed. Again, however, the various 
non-operative and operative methods of therapy are described, including a number of antiquated procedures, 
but an evaluation of each method is not given, and no indications or suggestions as to choice of procedures are 
mentioned. 

The advertisement from the publisher describes this book as 
true. The orthopaedic surgeon who wishes to refer to a specific therapeutic procedure will probably find it 
described. On the other hand, the less experienced physician may be confused by the quantity of facts, figures, 
and illustrations. 


‘ 


‘almost encyclopedic in scope’’. This is 


British SurGicaAL Practice. Volume II. Edited by Sir Ernest Rock Carling, F.R.C.S., F.R.C.P., and J. 
Paterson Ross, M.S., F.R.C.S. London, Butterworth and Company, Ltd., 60 shillings (25 pounds for the 
set); St. Louis, C. V. Mosby Company, 1948. $15.00 ($125.00 for the set). 

The second in the series of eight volumes, plus an index, which make up British Surgical Practice, is now 
available. The subject matter is arranged alphabetically, so that Volume I began with Abdominal Emergen- 
cies and ended with the Autonomic Nervous System; Volume II begins with Backache and concludes with 
Bursae. 

In general, a different group of authors have contributed to the second volume; but the arrangement of 
subject matter remains essentially as in Volume I, and includes for most conditions a discussion of surgical 
anatomy, etiology, pathology, differential diagnosis, operative technique, and results of treatment. Excellent 
illustrations are included. Several chapters on bones and bone-grafting appear in Volume II, written by B. H. 
Burns, Peter Walton, R. W. Ellis, Donald Hunter, H. J. Seddon, and Sir Harry Platt. 

This outstanding set of books is being published simultaneously in Great Britain and the United States. 
The first volume appeared at the end of 1947. The remaining volumes are scheduled to appear during 1948 
and 1949. 


Tae 1947 YEAR Book or OrrHopepics AND TRAUMATIC SurGERY. Edited by Edward L. Compere, M.D., 

F.A.C.S. Chicago, The Year Book Publishers, Inc., 1948. $3.75. 

The 1947 Year Book of Orthopedics and Traumatic Surgery is the first volume under the new title and by 
the new Editor. Dr. Compere has done well the difficult task of gleaning from the literature important articles 
appearing during the year, which come within the scope of orthopaedic surgery, including trauma to the 
spine and extremities, and weaving the abstracts of these articles into a consecutive account of progress, 
which makes a readable book. 

This handy reference book is invaluable for the busy surgeon who may not have read the original articles 
in the many journals represented, but who wishes to know of the developments in this field of surgery. It 
should have a place in the library of every surgeon called upon to deal with lesions of the bones and joints. 


THe Mepicat ANNUAL. A YEAR Book oF TREATMENT AND PractiTioNerR’s INpEx. Editors: Sir Henry 
Tidy, K.B.E., M.A., M.D. (Oxon.), F.R.C.P., and A. Rendle Short, M.D., B.S., B.Se., F.R.C.S. Bristol, 
England, John Wright and Sons Ltd., 1947. 

A group of forty-five outstanding physicians and surgeons have contributed to the 1947 Medical Annual, 
now in its sixty-fifth year of publication. The main portion of the book contains a review of the work done in 
medicine and surgery in England during the year. Following this is a section devoted to new pharmaceutical 
preparations, new appliances, and a classified list of the new books of the year. 

The Annual contains a variety of subject matter, arranged alphabetically and in concise form. New ad- 
vances made during the year have received special attention. 

In this edition, social medicine is included for the first time, in a discussion by F. A. E. Crew, Professor 
of Public Health and Social Medicine of the University of Edinburgh. After a broad survey of the subject, 
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Professor Crew concludes: ‘‘We as a people are now resolved to build out of the wreckage of war a new and 
better external world in which we may biologically and socially flourish. All the vast programmes of planning 
now being considered and unleashed are but the expression of this resolve. The medical profession is heavily 
involved in these events. Expanding social medicine is one of the newer instruments that medicine has fash- 
ioned so that it may play its proper and prominent part in this grand adventure.”’ 


Tuerapevctic Exercise. F, H. Ewerhardt, M.D., and Gertrude F. Riddle, B.S., R.N., R.P.T. Philadelphia, 

Lea and Febiger, 1947. $2.50. 

This volume is written to provide students of physiotherapy and occupational therapy with a back- 
ground in the field of therapeutic exercises. The preliminary chapters deal with the physiology and anatomy 
of joints, muscles, and peripheral nerves in relation to exercise. The remainder of the volume is devoted to 
specific applications of exercise in medicine. 

The text can be recommended for its brief and concise coverage of a neglected field of therapeutics. The 
lack of adequate illustrations, however, detracts from its usefulness as a text for students. The failure to 
include a reference to progressive-resistance exercises (DeLorme), which have received much prominence in 
recent years, is an omission too serious to be overlooked. In general, however, the volume will be of value to 
those in the field of physical medicine, who desire a guide for the teaching of therapeutic exercise. 


PRINCIPLES OF OCCUPATIONAL THERAPY. Edited by Helen 8. Willard, B.A., O.T.R., and Clare S. Spackman, 

B.8., M.8., O.T.R. Philadelphia, J. B. Lippincott Company, 1947. $4.50. 

This book fills a great need in the field of occupational therapy, as textbooks such as this have been 
badly needed. The subject of occupational therapy is covered in a general manner. 

The book will be of value for students of occupational therapy. It will also be useful to doctors who are 
interested in this field, and to occupational therapists who are changing from one branch of this work to an- 
other. For example, one working in the field of tuberculosis or psychiatry would find the chapter on physical 
injuries of value. 

The chapters on army, navy, and veterans’ programs, however, have no logical place in such a textbook, 
Unfortunately, the book is sadly lacking in illustrations. 

In general, this work is to be recommended to students and to those unfamiliar with the value of occu- 
pational therapy. 


KINESIOLOGY. LaBoRATORY MANUAL. Leon G. Kranz, M.S. St. Louis, The C. V. Mosby Company, 1948. 
$2.75. 

Visual aids are extremely important in teaching the actions of muscles. This loose-leaf manual adequately 
illustrates the action of all the principal muscles, with the exception of those of the hands and feet, by line 
drawings of individual muscles and their skeletal attachments. Verbal descriptions are in outline form, except 
for analysis of more complex movements. Although it is intended primarily for students of physical education 
or physical therapy, this should prove a convenient reference for many doctors and medical students. It 
would be made more valuable by the addition of drawings of the nerve supply and by an index. 


Axute AvsserE Prozesse. Dik PuysioLoGIE DER CHIRURGISCHEN UND KONSERVATIVEN THERAPIE. Dr. 

Josef Riese. Wien, Wilhelm Maudrich, 1948. 

This unusual title, ‘‘acute superficial processes’, is used by Riese to describe the inflammatory lesions 
which are easily reached. The physiological pathology is described, and from this the author attempts to 
explain therapeutic procedures. The discussion of treatment frequently becomes abstract and philosophical; 
it reminds one of medical papers written ten to fifteen years ago. 

While the author mentions both sulfonamides and penicillin, he apparently has had very little oppor- 
tunity to use either of them. The book will be of little interest to surgeons in this country, who use antibiotics 
probably too freely, without thought of the natural resistance of the host or of simple methods of fighting 
infection. For such doctors, the book is of historical value only. In the absence of antibiotics, however, this 
book is a mine of valuable information for combating purulent infections. It discusses not only the older 
proved procedures, but a number of newer ones as well, which were born out of necessity when sulfonamides 
and penicillin were not available. 
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